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THE OBJECTIVES OF GENERAL 
SCIENCE 


By THOMAS H. BRIGGS, Ph.D., Lirr.D. 

Professor of Education, Teachers College, Columlia University 

T HE chief educational purpose of the junior high school is 
conceived as the exploration, by means of subject-matter 
in itself worth while, of the interests, aptitudes, and capacities 
of the pupils, and at the same time revealing to the pupils the 
possibilities in the major fields of learning and activity. An 
acceptance of this statement of purpose carries with it the obli¬ 
gation to furnish education that is of the maximum value even 
if a pupil should drop out of school at the end of any term or 
month or week; to learn through the studies the particular 
needs, interests, aptitudes, and capacities of each pupil, so that 
he may be most wisely advised in regard to his future; and to 
reveal_to him the importance of the several major fields of 
learning, so that he may intelligently participate in determin¬ 
ing his own future. 

General science is especially suitable for the earlier years of 
secondary education, the junior-high-school period, in that it 
provides a type of desired training and also enables the institu¬ 
tion admirably to carry out its peculiar functions. When first 
proposed, general science was accepted as theoretically sound 
in principle; but there was opposition from specialists who 
feared that their own subjects would be neglected. The spe¬ 
cialists have gradually come to realize, however, that the field 
of science is too rich for any introductory subject to take the 
edge off advanced study by using all the interesting phenom¬ 
ena; they have also come to realize that general science, when 
well organized and presented, not only is of great value in the 
education of pupils who drop out of school, but may also be an 
excellent preparation for further study of the special sciences. 

The objectives of general science in the junior high school J 
have been determined by application of the Golden Rules of 
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Education and in light of the special functions of the inter¬ 
mediate school. The former comprise a simple philosophy 
holding that the first duty of the school is to teach people to do 
better the desirable things that they are likely to do anyway, 
and that another duty is to reveal higher activities and to 
make them both desired and maximally possible. An in¬ 
formal inventory of the needs of science by representative 
citizens and of its possible values discovers the objectives 
toward which a general science course should aim, They fall 
under six main heads, 

1. Utility. General science should teach pupils to know 
what the utilitarian values of science are, how science is ap¬ 
plied to make life safer and easier — to prevent disaster and 
disease, to maintain and improve health, to help men escape 
superstition. Science should make pupils aware of applica¬ 
tions by inventors that lessen labor or make comforts possible; 
should teach pupils to use them with economy, effectiveness, 
and intelligent understanding, to make simple repairs, and to 
secure better implements. 

2. Appreciation. "The world is so full of a number of 
things" of scientific interest and importance that courses 
should definitely attempt to make pupils aware of them and 
appreciative of them. Without education one can have but a 
limited world; with it even everyday experiences are rich in the 
number of meaningful phenomena with which the world teems. 
Science teaching not only should make pupils conscious of 
these common, interesting, and important phenomena, but it 
should also impart to them something of the inherent rpmance. 

Pupils of junior-liigh-school age already have a great variety 
of interests in science, but of course the number of phenomena 
of which they have become aware is only a small fraction of 
those that exist and that are not only possible but also im¬ 
portant for every educated person to appreciate. A general 
science course o-hould, then, seek to increase the number of in¬ 
terests that pupils have. This is an objective that should not 
be sought incidentally; it should be as fully accepted as that of 
utility, and as consistently sought. 
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A general science course should also increase the variety of 
every pupil’s interests and deepen their significance. It is not 
unusual to find a pupil enthusiastic about radio, butterflies, or 
birds’ eggs, but ignorant of almost all other scientific interests 
and even oblivious of them. Education should develop, as far 
as time permits, the interests, either discovered or created, and 
set up such appetites as will insure a carrying-on, either in 
higher schools or in one’s leisure time. 

The general science course can make a contribution to'citi- 
, zenship also by developing appreciation of the contributions of 
science to public life. Every good citizen, in order that he may 
vote and act intelligently, should understand the part that 
science plays in conservation of natural resources and of life, in 
public utilities of all kinds, in transportation, in communica¬ 
tion, in water-power uses, in water and milk supply, in sewage 
disposal, in abating the smoke nuisance, and in all other phases 
of communal life. On such topics general science should co¬ 
operate closely with the courses in civics. 

Appreciation can be greatly increased by making abstract 
principles concrete. A pupil can learn the theory of the lever, 
for instance, but he is likely to understand it only when he 
is led to see it in a crowbar, a seesaw, the human arm, or the 
hanging of a door. An important function, then, of general 
science is to increase appreciation by showing the objective 
applications of scientific principles, by making theory con¬ 
crete. Specimens, models, pictures, field trips, and construc¬ 
tion all contribute to this end and should be abundantly used. 

3. Avocation. This objective is closely related to the pre¬ 
ceding one. Leisure time has greatly increased during the past 
few decades and apparently still is increasing, largely because 
science and the inventions based on its principles have enabled 
man to do more work in less time, The wise use of leisure time 
is one of the main objectives generally accepted for education. 
There is little profit in struggling to gain more leisure unless 
one has something satisfying to do with it. Science has an 
important contribution to make to leisure. 

For his leisure time every person should have a hobbv 
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What offers more inviting hobbies than science? It is not 
difficult for the educated man to think of a hundred attractive 
phases: the study of bees, the development of corn, the im¬ 
provement of flowers or chickens, the radio, the construction of 
labor-saving devices in the home, the collection of geologic or 
other specimens, the forecasting of the weather, the uses of a 
microscope, the applications of chemistry, are only a few illus¬ 
trations. A general science course can make a considerable 
contribution to the future happiness of its pupils by definitely 
attempting to discover and develop interests, to set up hob¬ 
bies, and to show how they may be carried on independently. 

Another contribution that science has to make for leisure 
time is its literature. In books and magazines there is an em¬ 
barrassing wealth of material for children, youths, and adults. 
Every topic in the general science course can be supplemented 
by the most fascinating literature. There is already a distinct 
activity on the part of progressive English teachers to use in 
their courses readings from science. Although this is a com¬ 
mendable practice, it challenges teachers of science. Why 
should they not choose the literature and direct the supple¬ 
mentary readings in their own field? 

4. Social Contacts. Although this is not an objective to be 
directly sought, perhaps, as the others are, a knowledge of 
science makes possible many social contacts. People who 
know and are interested in the same things are drawn together 
formally in clubs or informally to their mutual pleasure and 
profit. It enables one to have some degree of appreciation of 

J other men’s work, to talk to them intelligently about it, and 
thus to find other contacts that serve as a social bond. Al¬ 
most everyone has had the experience of making delightful 
acquaintances and of developing friendships that were ljegun 
in a common knowledge of insects, flowers, machinery, or the 
stars; and everyone has been able, or wished that he could be, 
to listen with interest and to draw out by intelligent questions 
a specialist in some field of science. 

5. Scientific Attitudes. Although this is usually one of the 
first objectives of science teaching to be stated, it has had far 
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less attainment than its values promise. The following are 
postulated as the essentials of the scientific method that early 
adolescents can comprehend and be led to use in some measure: 
understanding of a problem, perhaps of a hierarchy of prob¬ 
lems; accuracy and completeness of observation; openminded¬ 
ness and honesty of record; invention of hypotheses; intelligent 
and patient search for verification; dissatisfaction with the un¬ 
proved. It would seem that a reading of selections from the 
biographies of scientists, especially of the pioneers, would 
throw much light on the scientific method. 

6 . Preparation. A final objective of general science to be 
mentioned is that it should prepare for the later successful 
study of more specialized sciences. This should mean much 
more than that pupils should learn accurately and retain many 
facts and principles and that they should acquire some skill in 
the proper manipulation of microscopes and other apparatus. 
Especially in the junior high school it should find and create 
interests, direct them until they are strong enough to persist; 
it should establish attitudes favorable to science and its meth¬ 
ods; and it should reveal where satisfactions can be found, in 
specialized courses and elsewhere. Unless knowledge is ac¬ 
companied by interest and favoring attitudes, it is very likely 
to be largely lost and no more of the same land sought. 

Planned and taught to achieve those objectives, general sci¬ 
ence makes important contributions to achievement of the 
special functions of the junior high school. It continues the 
integration of the future citizens by giving them similar in¬ 
formation and interests. It satisfies their immediate and their 
most probable future needs, extending the list far beyond what 
any specialized science ever attempted. It explores interests, 
aptitudes, and capacities so that guidance may be more intelli¬ 
gently given as to the future study most likely to be successful 
and profitable. It reveals the several kinds of wealth in the 
field of science, specifying the special subdivision ip which fur- 
■ ther satisfactions can be found, and attempts to make it so de¬ 
sirable that the students will ardently seek in higher schools or 
independently what they consider most attractive and most 
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profitable in living a full and complete life. And, finally, it 
facilitates starting each pupil on the type of special study for 
which he seems best fitted. 

The Science of Everyday Life translates these principles 
into an introductory course for pupils from twelve to sixteen 
years of age. It presents information about a large number of 
physical phenomena that the authors as practical teachers con¬ 
sider most important for boys and girls, whether they continue 
in school or drop out to enter some vocation. To avoid aim¬ 
lessness, the book organizes the details under five major topira 
of Air, Water, Food, Protection, and the Work of the World, 
presenting under them a series of projects. Each of these, 
which the book presents as worth while to the pupil, leads to 
general principles that surely should be understood by every 
intelligent man or woman, 

Every effort has been expended to make the book teachable, 
attention being paid especially to the arousing of interest, the 
stimulus to initiative, the economy of time and equipment, the 
laws of learning, and the correlation with other subjects. The 
book recognizes that needs are varied because of individual 
differences in ability, in interests, and in particular aptitudes, 
and it provides both independent individual and social group 
work. The problems proposed, and the annotated bibliogra¬ 
phies presented at the end of each chapter, are of particular 
value to the teacher who desires to extend the work on any of 
the topics. The carefully chosen illustrations, over three hun¬ 
dred in number, including eight in colors, effectively supple¬ 
ment the facts learned from text and experiments. 

Separate publications for use with this text are the Work¬ 
book and the Objective Tests, 
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The Science of Everyday Life is written for boys and girls 
of Junior High School age. The selection of problems and of 
study material has been made with a desire to arouse an en¬ 
thusiasm for science that will result in continued study. The 
book will aid in the establishment of scientific habits of thought, 
of careful observation, of reaching logical conclusions, and of 
making accurate records. The directions for the experiments, 
we believe, are simple and clear; and we hope that the text will 
be found interesting. The life of every course in science is the 
teacher; some suggestions, therefore, which have helped the 
authors and other teachers also arc offered as help in effectively 
organizing the science course. 

The course. The book provides sufficient material for a full 
year’s work in ninth-grade science with daily recitations, or for 
a two years' course with recitations three times a week. If it 
is desired to shorten the course, omissions should preferably 
be made in Part II; for not only is nearly all of Part I funda¬ 
mental to Part II, but the material is so graded that the more 
difficult topics are in Part II. 

The problems. With each problem is a suggestion as to 
where the experiment is to be performed, and whether it is to be 
done by all the members of the class, by one pupil, or by a 
group. Unless the word "home" is used, or unless the ex¬ 
periment is such as to necessitate pupils leaving the classroom 
to perform it, the problem should he carried on in the class. If 
the word “pupils” is used, the work should be done by all the 
pupils, if not individually at least in small groups. If the word 
"class ” is used, the work may be performed as a demonstration 
either by the teacher or by one or more pupils. It is desirable 
to have as much pupil-activity as possible, and to this end 
committees or groups of pupils should co-operate in setting up 
apparatus and in performing'experiments under .the teacher’s 
supervision, 

Guiding pupils’ thinking. The true scientist is a seeker after 
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the truth. Both teacher and pupils should adopt this attitude. 
The pupil’s background of information may not always permit 
him to give correct explanations or to draw logical conclusions. 
The teacher should assist him in doing this, but only after al¬ 
lowing him the opportunity of making his own discoveries and 
drawing his own conclusions. Very frequently teachers will 
recognize that pupils have been doing some careful thinking 
even when their explanation of observed results is incorrect. 
Even the most eminent scientists have at times made mistakes, 
and have offered incorrect or imperfect theories in their at¬ 
tempts to explain natural phenomena. Thu sympathetic 
teacher will try to see each problem as it is seen by the im¬ 
mature pupil; then gradually and without hurry lie will lead 
the pupil to a better understanding of the work in hand. 
Emphasis should constantly be laid on the relation of facts to 
one another, fully as much as on the facts themselves. Pupils 
should be brought to see the unity of science. The most de¬ 
sirable result that a teacher can bring about is a constantly in¬ 
creasing interest in science. 

Reading assignments. Study material follows each group of 
related problems. Reading assignments are to be given after 
the working-out of the problems. If the reading were to pre¬ 
cede the performance of the experiments, the pupils would lie 
deprived of the satisfaction of being able to give on their own 
judgment at least partly correct explanations of the results 
they obtained in the experiments. 

The illustrations. The illustrations have been chosen for 
their interest and practical teaching value. Their captions are 
so phrased as thoroughly to explain each photograph or draw¬ 
ing, and to supplement the text in an interesting way. The 
eight pages in color not only emphasize some of the most valu¬ 
able applications of science, but also provide attractive teach¬ 
ing material. They should stimulate investigation and reading 
outside the classroom. 

The individual projects, The teacher should allow op¬ 
portunity for much individual and group activity in sjjecial 
projects, for which he should give special credit, The projects 



Suggestions to the Teacher xiit 

suggested need not all be included; current events will deter¬ 
mine many selections, local conditions others. Each pupil, 
however, should undertake and successfully complete several 
projects during the course. 

Socializing the recitation. In an address before a conference 
of Normal School instructors, Dr. John Dewey, of Columbia 
University, once made the following characteristically keen 
and helpful comment: 

There is a good deal of talk abou t socializing the recitation. The word 
recitation to most minds suggests a uniform rehearsal. All the pupils 
are asked questions on the same subject matter, and if all of them have 
learned their lesson they are able to say the same thing in abou t the same 
way. Now what is there social about that? As all have the same book, 
the only child who would learn anything is the one who has not done his 
duty. The others sit there more or less bored. The result is, of course, 
that the motive instead of being social is pu rely competitive. One child 
is measured against another. If we are going to socialize the recitation, 
pupils must have an opportunity for the assignment of different matter, 
and each be required to make his own contribu tion. A large part of the 
value of the library is that it affords an opportu nity to socialize the reci¬ 
tation by diversifying assignments, providing for different phases of the 
subject matter; so that the recitation period, instead of being a uniform 
recital, gives different responsibilities; so that the recitation becomes a 
clearing-house, a place of exchange, an intellectual give and take, where 
each person has something to give and also something to receive from 
the special studies which others have made. Thus you socialize and also 
individualize the recitation, and eliminate mechanical uniformity from 
the recitation. 

For socializing the recitation, general science offers as rich an 
opportunity as any other subject in the curriculum. Especially 
when considerable use is made of individual projects, pupils 
come to their classes eager to report the results of their ex¬ 
periments, to explain apparatus they have set up, to demon¬ 
strate things they have made, to exhibit classified collections 
they have assembled, or to make reports upon their reading. 

Measuring the results of teaching. Tests and scales in gen¬ 
eral science, as in practically all the other subjects in the cur¬ 
riculum, have been evolved and more or less standardized in 
recent years. They are useful in diagnostic testing, in motivat- 
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' ■ ing study, as a basis for marks, and in other ways. The more 
vid and reliable of these tests are frequently commented on 
in such periodicals as the General Science Quarterly and School 
Science and Mathematics. There are available also a number 
of books that evaluate both method and material — for ex¬ 
ample, Monroe, De Voss, and Kelley’s Educational Tests and 
Measurements. 

A set of Objective Tests, based upon this text, is now avail¬ 
able. The tests have been prepared by James R. Wilson, 
Supervisor of General Science Instruction, Phoenix Union High 
School, Phoenix, Arizona, in collaboration with the authors. 

Workbooks. While notebooks kept in the ordinary way 
have always been a valuable part of the work in science courses, 
‘ teach ers have found the correcting of them both onerous and 
time-consuming. The Workbook prepared by the authors, 
with the amista nr p of Mr. Wilson, reduces to the minimum tho 
personal equation in students' records. It insures perfect 
organization of each individual's work, and so leads to orderly 
habits of procedure. Incidentally, it saves time for the teacher 
in examination of records. 

The Workbook includes not only all the problems printed in 
the textbook, but also a number of additional ones. It provides 
space for the writing of answers and the drawing of diagrams. 
It also provides a brief questionnaire, devised to interest and 
stimulate students, which covers both reading matter and prob¬ 
lems. By means of a "Score Card" opportunity is given the 
students to keep their own records of achievement. 

Sdiapbooks. Articles from current periodicals, preferably 
with, illustrations, may be clipped and pasted into suitable 
scrapbooks, This is likely to appeal to a considerable number 
of pupils individually. The making of a class scrapbook, for 
presentation to the school library after completion, would be 
- an interesting group activity, Any scrapbook, to be of real 
fervice, should be arranged chronologically — with the dates 
of. the articles given — and indexed. 

The science library. The lists of " Books That Will Help 
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You” at the end of the chapters are selected from the most 
helpful books available, They are usually to be found in 
public libraries. With many of the "Individual Projects” are 
given specific page references to these books. Pupils should 
be taught how to find other material both in current periodicals 
and in standard reference books. They should learn also how 
to find out about new books as they are published. 

Even in the smallest schools there should be a science library, 
with magazines, reference books, and an encyclopedia. These 
should be used both in class and in study periods. Some pupils 
will be able to lend books for this purpose. 

The use of the public library should be encouraged. In 
libraries where a “Children’s Room” is maintained and where 
free access to the shelves is allowed, teachers often find it ad¬ 
visable to accompany their classes to the library, when the 
first library assignment is made, in order that the children may 
at the outset learn how to make the best use of the library’s 
facilities. 

The following books and periodicals should stimulate pupil 
interest, and supply helpful material to teachers: 

MAGAZINES 

American Photography. Boston. 

Aviation. McGraw. New York. 

Domestic Air News. Washington, U.C. 

llygcia; the Ilcatlk Magazine. American Medical Association. Chicago. 
Modern Mechanics and Inventions. Minneapolis. 

Movie Makers. Amateur Cinema League. New York. 

National Geographic Magazine. Washington, U.C. 

The Nature Magazine. Washington, D.C. 

News Week. New York. 

Popular Mechanics Magazine. Chicago. 

Popular Science Monthly. New York, 

Radio. San Francisco. 

Radio News. New York. 

Readers Digest. New York. 

The Science News-Letter. Washington, D.C. 

Scientific American, New York. 

The Sky , American Museum Natural History. New York. 

Time. New York. 
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(a) THE SPIRIT OF SCIENCE 
O.SpMmiSmU'.fS***. E. A. Gregory. Mac 

rTSirW «»£ 4 ?*»»• Woodring, Onto, and Brown. 
Teachers College, Columbia Umv. 

cover ers, R. J. H. Gibson. Macmillan. 

(J) BI 0GRAPHIES OF SCIENTISTS AND INVENTORS 

Famous Days in a Century of Invention. Stone and Fickett. I leath. 
Famous Leaders of Industry. E. Wildmam I age. 

Famous Men of Science. S. K. Bolton. Crowell. 

Heroes of the Scientific World. Charles R. Gibson. Seeley. 

Leading American Inventors. G. lies. Holt. 

Masters of Science and Invention. F. L. Darrow. Ilarcourt. 

Modern Great Americans. F. H. Law. Century. 

Peaks of Invention. J. Leeniing. Century. . 

The Romance of Scientific Discovery. C. R. Gibson, uppinrntt. _ 
Stories of Scientific Discovery. D. B. Hammond. Cambridge Univ, 


(c) GENERAL REFERENCES 

Modem Wonder Workers. W. KaempfTert. Scribner. 

The Outline of Science. Edited by J. A. Thomson. Putnam. 

Science for All. C. S. Sherrington. Ward. 

The Wonderful Story of Science. I. N. McFee. Crowell. 

Many similar books are included in the lists of "Books That V,ill 
Help You," at the end of chapters, 


(d) ENCYCLOPEDIAS 

The Book of Knowledge. Grolier. 

The Book of Popular Science. Grolier. 

The Book.of Rural life. Bellows-Reeve. 
Compton's Pictured Encyclopedia. 

Encylcopadia Britannica. 

International Encyclopedia, 

Nelson’s Loose-Leaf Encyclopedia. 

The World Book. Quarrie, 
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Equipment. A list of apparatus and materials needed for a 
course based on this book will be supplied on application to the 
publishers, In almost every case the apparatus is so simple 
that the work may be carried on in an ordinary classroom. If 
possible, however, the room should be equipped with gas, water, 
and electricity. Use may well be made of motion pictures and 
lantern demonstrations in connection with many of the sub¬ 
jects. Consult Wood and Freeman’s Motion Pictures in the 
Classroom, which discusses the results of an experiment in 
measuring the value of motion pictures in general science in¬ 
struction. 

Lesson plans. Teachers may be helped by the following 
plan for Chapters I and II showing the class work and the 
home assignments. This plan follows the rule of modern 
pedagogy that home work should be in the nature of a com¬ 
pletion of a subject already presented in school. 

The problems at the beginning of each section of the chapters 
should be undertaken mid solved before any reading assign¬ 
ments on the same subjects are made. By this method the 
boys and girls may learn by "asking questions of nature," and 
thus develop the real scientific attitude of mind. The reading 
assignments are designed not so much to answer the questions 
stated in problems as to amplify the knowledge gained by 
experiment. 

Note that only half of the time devoted to "home work" is 
planned as text study; the other half should lie devoted to home 
experiments, notebook work, and individual projects, 

The Review Outline at the end of each chapter will be 
found serviceable in any plan for "directed teaching." 
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SUGGESTED LESSON PLANS 

FOR CHAPTERS I AND II (pages I~6l) 


CLASS WORK 

Read and discuss Introduction 
(pages 1-5). 

Read and discuss items brought 
in by pupils. Start the Bchool 
aquarium. Do not put in fish 
until it is established; 

Problems 1 and 2 - Approve in¬ 
dividual projects chosen, 

Recitation. Problem 3. 
Problem 4. Start problem 5, to 
be continued by each pupil. 
Recitation. Pish may now be 
added to the aquarium. 
Problems 6 and 7. 

Problems 8 and 9. 

Recitation and discussion of air¬ 
planes, using diagrams on page 
38. 

Problems 10 and II. 

Recitation. Begin individual 
project reports and demonstra¬ 
tions (page 60), 

Review (page 39). Continue 
demonstrations and reports. 
Collect workbooks for examina¬ 
tion. Finish individual project 
reports. 

Start problem 1. 

Complete problem r, Prob¬ 
lems 3 and 3. 

Recitation. If time permits, 
problems 4 and 5. 
Demonstration problems 8 and 
9 - 

Recitation. 

Problems 10 and n. 

Review. (Pages 59-60.) In¬ 
dividual project demonstrations 
and reports. 


home assignment following 
Collect itenw for science bulletin 
board. Volunteer group start 
aquarium. 

Study introductory paragraph 
of Chapter I. Choose indi¬ 
vidual project (page 40). 

Finish workbook records of 
problems 1 and 3. Study Sec¬ 
tion A (pages 9-13). 

Workbook record. 

Study Section B (pages 15-18). 

Time allowed for work on indi¬ 
vidual project. 

Continue workbook records, 
including diagrams of pumps. 
Study Section C (pages 20-31). 
Workbook and individual proj¬ 
ect work. 

Problem 12. Study Section D 
(pages 32-39). 

Review chapter, using outline, 
page 39. 

Finish workbook on Chapter I. 

Study Introduction to Chapter 
II. Choose individual project 
(pages 60-61). 

Work on individual projects. 
Study Section A (pagea 45-49). 

Home problems 4, 5, 6, and 7. 

Study Section B (pages 50-56). 

Work on workbooks and indi¬ 
vidual projects. 

Study Section C (pages 56-59), 
and review chapter using out¬ 
line, pages 59-60. 



THE SCIENCE OF EVERYDAY LIFE 


Part I. The Chief Necessities of Life 
INTRODUCTION—A SCIENTIFIC AGE 

Marvels of the age. Have you ever watched a mail plane 
flying overhead, following its scheduled route, no matter what 
the weather? Have you ever visited a great airport, where 
airplanes and dirigibles are constantly arriving or taking off? 
Study the frontispiece of this book. What can you recognize 
in it? Does it not make you thrill with wonder at the marvels 
of the age in which wc live? 

It was only a little more than fifty years ago that Edison 
made his first crude elect ric light. 11 is only a little more than 
twenty-five years since the first airplane made its flight. 
Many people now alive remember a world far different from 
ours — a world which had not only no electric lights, airplanes, 
or dirigibles, but no trolley cars, no automobiles, no moving 
pictures, no radio, no X-rays, no phonographs — not even 
telephones! All these inventions and discoveries and number¬ 
less others have been made through the study of science. We 
live in the Scientific Age, 

As you study this book you will discover that science plays 
an essential part not only in the marvelous machines used in 
modern industry, communication, and transportation, but also 
in the familiar surroundings of your home. Your comfort, 
your convenience, your safety, and your pleasure in all the 
activities of everyday life have been increased by the contribu¬ 
tions of science. It is a fascinating study, and the more you 
know about it, the more you will wish to know. 

You can hardly pick up a magazine or a newspaper without 
reading about some new development in applied science, Fof 
example, here is a news item from the New York Evening 
World, as retold in the Literary Digest:-.' 
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AVIATION’S VICTORY OVER FOG 

Lieutenant James H. Doolittle, piloting his plane under 
pm irUtimiR duplicating those caused by the densest fug, rose 
torn Mitchel Field, Long Island, on September 24, flew for 
fifteen miles, and landed safely within a few feet of his point 
of take-off, without at any time seeing the ground or any 
part of his machine except the illuminated instrument-board. 
This achievement in "blind flying," we are told, will focus the 
interest of aviators all over the world, since fog has long been 
recognized as man's greatest enemy in the air. 

It was the first instance in which a pilot made a complete 
flight while piloting absolutely blind.... Lieutenant Doolittle 
used a training plane made completely light-proof and, flying 
i.nrW conditions representing the densest fog, kept circling 
and landing at given spots entirely by instruments.... 

The principal factors in making the accomplishment pos¬ 
sible are a new application of the visual radio beacon, the 
development of an improved instrument for indicating the 
longitudinal and lateral position of an airplane, a new direc¬ 
tional gyroscope, and a sensitive barometric altimeter so deli¬ 
cate as to measure the altitude of the airplane within a few 
feet of the ground.... 

In place of the natural horizon by means of which the pilot 
Usually keeps his plane in a stable and safe flying position, ami 
which the flyer is deprived of in a fog, Lieutenant Doolittle 
used an "artificial horizon ” in the form of a small instrument 
indicating longitudinal and lateral position with relation to 
the ground at all times. 

Stability thus assured, he was able to locate the landing 
field by means of the direction-finding radio. In addition to 
the long-distance radio beacon known to this country for some 
time, another beacon had been installed governing the imme¬ 
diate approach to the field, casting a beam from fifteen to 
twenty miles in length in either direction. 

On the instrument-board a visual radio receiver, consisting 
of two vibrating reeds tuned to the radio beacon, enabled the 
pilot to locate the beam and, through it, the landing field. If 
he turned to the right of his course, the right reed showed 
excessive vibration, while if he turned to the left, the left reed 
at once commenced a little dance. By keeping the two reeds 
in equilibrium he was able to fly directly down,the path of tile 
beam to his landing. 

This reads like a story from the Arabian Nights, yet is at 
account, not of magic, but of a scientific achievement. Coup; 
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the devices mentioned which depend upon scientific principles. 
And this is just one article in one magazine. Can you find 
others as interesting? 

The scientific spirit. Even when Edison was a very small 
boy, little escaped his keen eyes. For example, he observed a 
goose sitting on her eggs, and was 
greatly interested in the result when 
the eggs hatched. Determining to 
experiment himself, he collected a 
quantity of goose eggs and hen eggs, 
placed them in a nest, and sat down 
upon them, patiently to await the 
result which he expected. In this 
particular experiment he was doomed 
to disappointment, for his father 
discovered the small scientist and 
persuaded him to turn his energies 
in another direction. 

Some of you may become scien¬ 
tists. You, too, may make discover¬ 
ies which will benefit and change the whole world, as Edison’s 
have done. Whether or not that is the outcome of your study 
of science, you should, as a student, follow the same steps that 
any scientist follows. The first step is to understand what 
your problem is. Then, by careful observation, thoughtful ex¬ 
perimentation, and critical examination of results, you should 
arrive at an accurate conclusion. 

Some problems to solve. A question asked of nature and 
answered by nature is sometimes called an "experiment." In 
this book we call it a "problem." As you attempt to solve 
each problem, make sure that, you thoroughly understand what 
you wish to find out, so that you have a definite end or goal. 
Follow the directions carefully; observe what happens; ask 
yourself the meaning of what you observe; and so reach your 
goal, the solution of the problem. You will enjoy keeping a 
record of your solutions to the problems that you find most 
interesting. Ask your teacher for suggestions about keeping 
a science workbook. 



Fig. 1. Thomas A, Edison 
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Individual projects. Besides solving the problems and study¬ 
ing the topics given in this book, some of you will be glad to 
do more. The individual projects will give you some sugges¬ 
tions. You may wish to attempt a working project, such as 
making a model airplane; or you may prefer to read about such 
subjects as man's conquest of the air, and report to the class. 


■R 
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' Fig. 2. Building a model airplane 

■’'v vl'" -•, 

x ^%rrying out some of these individual projects, suggestions 
for which are grouped at the end of each chapter in this book, 
. should be an important part of your work. These projects are 
, something for you to do by yourself or with a few friends. 
Bring your reports to the class and thus add to the value of 
the whole course in science. Your teacher will doubtless be 
'■ .glad to give you extra school credit for work of this kind well 
, done. Consult with your teacher as to your choice and for 
. suggestions in carrying out the work. Do not attempt too 
much. One project well performed is of greater value than 
several poorly carried out. 



& 
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Our course in general science. Each one of you might 
follow his own interests and experiment along whatever lines 
he wished. • Such a course would, however, be very difficult to 
conduct in school. It is better to have some definite plan. 
This book, therefore, shows you how to study in a systematic 
way those principles and applications of science that are 
most closely connected with our everyday life. 

Part I treats of air, water, and food, which, in some form or 
other, are needed by all actively living things, whether plants 
or animals, and which may therefore be called life’s necessities. 

If we consider our own needs, we shall realize how true this is. 
If our supply of air is cut off for only a few minutes, we die of 
suffocation. Without food we slowly starve to death, and 
without water we perish of thirst. What is true of the human 
being is also true of plant life. A tree, for example, mutt 
breathe. It does this through tiny openings in its leaves and 
twigs. It needs water, which it gathers in by means of delicate 
hairy growths on its roots. Part of the raw material of the 
food comes from the soil and part from the atmosphere; under 
the influence of sunlight, these are combined in the leaves of 
the tree. Deprive the tree of any of these things and it will 
wither and die. Because of the fact that air, water, and food 
are the chief necessities of life, they have been chosen as the 
first topics of study. 

Part II deals with the great forces of Nature, and how they 
are controlled by man. There we shall study about heat, 
light, electricity — something aliout their nature, and how we 
use them in our homes and in our communities. Read the 
Table of Contents. Can you discover the reason for the order 
in which the subjects are taken up? 

i. Class Pro/ect: Start a Science Bulletin Board 

Let every member of the class bring in as many articles which deal 
with science as he can find in current magazines and newspapers. 

Set aside a certain bulletin board for posting the most interesting 
items. Once a week a portion of the class time may be devoted to 
reports and discussions based upon such articles. A different com¬ 
mittee from the class may lead die discussion each week. 
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2 . Group or Individual Project: Make a Balanced Aquarium 
for the Schoolroom 

An aquarium ia “balanced" when just enough plants are in it to 
supply oxygen for the animals, The animals help the plants since 
they give off carbon dioxide and wastes containing nitrogen which the 
plants can use. Such an aquarium requires no changing of the water. 

Be sure that the glass is dean. Put in about two inches of clean 
sand or pebbles. Next put in one or two water plants with roots. 
Arrange pebbles, shells, or stones to hold the roots in place. Now 
pour in the water, slowly, almost to the top. Let it stand a few days. 

The animals may now be added. One goldfish and a couple of 
minnows are enough for a battery-jar aquarium. Be sure to have 
several snails or tadpoles to keep the water clean, Flatworms, caddis- 
fly larvae, and other insects are good additions, interesting to watch. 
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THE AIR AND HOW WE USE IT 


I 

AIR AND AIR PRESSURE 

Air a real substance. Air does wonderful things when in very 
rapid motion. The rushing, whirling air of a tornado sometimes 
plucks the feathers from chickens and drives straws into wood. 
Such windstorms have demolished houses and twisted trees 
like so much twine. We have all seen hats blown off on windy 
days, and we have all stood in front of electric fans and felt the 
air being moved by them. Windmills, sailing vessels, and kites 
all depend upon moving air. The airplane’s motion depends 
upon the motion of the propeller, but the propeller would be of 
no use if it had no resistance to work upon, and it is the air 
which furnishes this resistance. Such facts as these indicate 
that air, even though we do not see it, is a real substance. 

As we work out the problems of this chapter we shall find 
proofs of this. We shall learn also something about air pres¬ 
sure and how it is used, and something about the way in 
which air carries sound. Following in the footsteps of Galileo, 
Count Zeppelin, and the Wright brothers, we shall demonstrate 
the principles that underlie certain instruments and machines 
which have widened man’s knowledge of the air, and his use 
of it. 

In addition to what we can icarn by experiment, we shall 
find some account of the barometer and its various uses, of 
the working of different kinds of pumps, and of man’s con¬ 
quest of the air by means of balloons and airplanes; and at 
tibe end of the chapter we shall find lists of individual projects 
and of books for further reading, so that we shall be able to 
extend our knowledge of the subjects that tliie chapter in¬ 
troduces, 
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THE PROBLEMS 

A. ON THE REALITY OF AIR. 

1. What is in an‘‘empty’ 1 „ 

2. Does air weigh anything? 

On air pressure and its measurement, 

' * 3, Does the air exert pressure? 

4. How can air pressure be measured? 

5. What is the relation between air pressure and the 
v* weather? 

5n Art PRESSURE AND HOW IT IS USED, 

6 . ’ Why does water rise in a pump? 

7. To take water out of an aquarium by using a 
siphon. 

8. How does a bicycle pump work? 

9. To compress air. 


P 
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D. ON Art AND SOUND. 

10. Is air necessary for the transmission of sound? 
it. What is the value of a sounding box? 

12. To illustrate the principle of a phonograph. 




A. THE REALITY OF AIR 


lif ®ippjiih ji Whai is in an 11 empty ” glass? (Class.) 

" "Directions': Procure an empty glass and a basin of water. 

; Invert the glass and press it into the water in such a manner as not lx 
■■ allow any bubbles to escape. 


Questions: 

what extent does the water rise in the glass? 

' i ' J 2. Why does it not fill the entire glass? 

, 3. What does this experiment show about air? Explain. 

.. 4 \K yon permit bubbles to escape, does the water then rise in the 

.. -glass? Why? 

Problem a: Does air weigh anything? (Class.) 

Directions; Blow up a football until it is as firm as possible. Whal is in 
the football?. 

Remove one pan from a balance and hang the football in its place. 
Balance it with sand in the other pan. 
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Let the air escape from the football. Explain wliat happens to the 
pan containing sand. 

Conclusion: Does the air weigh anything? 

Question: Which is heavier, an 
automobile tire pumped hard, 
or the same tire punctured? 

Three forms of matter. 

The world in which we live 
is made up of three forms 
of matter: solids, liquids, 
and gases. A piece of 
rock and a glass of water, 
which we may consider as 
illustrations of solids and 
liquids, can be seen and 
handled. We know that 
they occupy space and are 
real; but a jar full of air, 
which is composed of in¬ 
visible gases, we ordinarily 
refer to as empty. Is this 
correct? Consider the fol¬ 
lowing facts: When an 
inverted "empty" jar is 
pressed down into a basin Fig , 4< 0ne w6y t0 flnd whether & 
of water, practically no has weight 

water will enter the jar. 

If we wish to have water enter the jar, the air must first be 
allowed to escape. A flat tire has qualities different from one 
filled with air. Explain. Your experiment with the football and 
the sand indicated that to balance the air in the football a cer¬ 
tain amount of sand was required. An "empty” paper bag 
can be filled with air and tightly dosed, but it cannot then be 
quickly flattened without bursting it. An electric fan pushes 
a stream of air away from it. You have probably flown a kite. 
You know that before the days of steam vessels, sailing vessels 
carried the world's commerce, Examine a vacuum deanfsf. 
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carefully. Remove the dust bag and the attachment through 
which the dust from the floor passes. Start the motor. Hold 
your hand in front of the opening, but not too closely. Explain 
how dust can be taken up from the floor with the vacuum 
cleaner. Ask at a sporting goods store how an air rifle works. 


M 


Fig. 5- A kettle of liquid air boiling on a block of ice 

When the cold gases of the liquid air escape, the moisture in the sur¬ 
rounding air is condensed and gives the appearance of a cloud of a team. 

Liquid air. Another evidence that air is real is found in 
the fact that it may be made to take a visible form. By sub- 
jecting air to a very low temperature — much below freezing 
point — and to enormous pressure, it has been found possible 
to turn air into a liquid. When it is in the form of a liquid 
it is called liquid air. Liquid air tends to go back into a 
gaseous state very readily unless kept in a specially devised 
apparatus. When air is made to pass from a gaseous form 
into a liquid and then back again into its original condition, 
none of it is lost in the process, although in a liquid state it 
occupies much less space. If all of the air making up our 
atmosphere could be liquefied, the earth would be covered 
with an ocean of liquid air, the depth of which would be about 
thirty-five feet, instead of being covered as it now is with a 
gaseous ocean probably more than two hundred miles in 




II 


The Reality of Air 

Air is liquefied to separate the oxygen, nitrogen, and neon 
which are much used industrially. Since nitrogen boils at a 
lower temperature than oxygen, if the liquid air is kept at a 
temperature low enough to keep the oxygen liquid, the nitrogen 
will boil away. The 
nitrogen is used in 
the production of 
ammonia and ni¬ 
tric acid, The oxy¬ 
gen i9 stored in 
drums under pres¬ 
sure for use in 
the oxy-hydrogen 
and oxy-acetylene 
flames which are 
hot enough to melt 
steel. (See figure BwimCeHtmy 

6 .) You can see Fi S; 6 ' The oxy-acetylene torch 

, This workman is wrecking un old building. With 

the use or oxygen /j,i B oxy-acctylene torch he is cutting through steel 
in this way in al- beams. 

most any automobile repair shop. Neon is one of the gases 
used in the tubes of the electric advertising signs which have 
come into extensive use recently. 

Make a list of facts which lead you to the conclusion that 
air is real. 

The atmosphere an ocean of air. We are all living at the 
bottom of an ocean of air. This ocean of air is composed of 
just as real a substance as any ocean of water. Furthermore, 
just as water exerts more and more pressure as its depth in¬ 
creases, because it lias weight, for the same reason the ocean 
of air exerts pressure which increases with its depth. Thus 
the air does not exert as great pressure on the top of a mountain 
as at sea-level. This is because there is more air pressing down 
upon any place at sea-level than upon any place of similar 
area upon the mountain. As the air completely surrounds the 
earth and fills every crack and crevice, there is pressure exerted 
upon all parts of the earth’s surface. It lias been found that 
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MAXIMUM ALTITUDE IN FEET 
S0UNDIN3 BALLOON—21 MILES-114,400 FT.I 
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AIRPLANE-100 MILES-55^56FT 
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MT, EVEREST;-55 MILES-29,141 FT 

MTMtKINLgV--3g MILES-2C|SOO FT. 
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INCHES 

ATMOSPHERIC PRESSURE 


. Fig, 7. How air pressure varies with altitude 

The highest altitude ever reached by a "sounding balloon" (one 
■'.equipped with automatic instruments) is about twenty-one miles. The 
barometric reading was about one quarter of an inch. Study the diagram 
tarfefully. What is the air pressure at sea level? At the top of the moun¬ 
tains shown? At the height of the clouds shown? In the passenger balloon? 
V^litheairplane? 

; When you have studied this paragraph, try to answer the 
'following questions. Would the air pressure at the level of 
the Dead Sea or in a.deep mine be greater than at sea-level? 
Is there a limit to the height to which a balloon will rise? Why? 
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In which place is it easier for an airplane to take off — the 
seashore or a landing field in Denver, Colorado? Why? 

B. AIR PRESSURE AND ITS MEASUREMENT 

Problem 3: Does the air exert pressure? {Class.) 

Directions: Tie a piece of thin rubber tissue tightly over the top of a 
glass funnel tube. Suck in from the stem of the tube. What happens? 
Why? Hold the funnel in several different positions and repeat the 
experiment. In what direction does the air press? 

_ Dip one end of a glass tube into water in a glass. Suck some of the 
air from the tube. What happens? Why? 

Fill a glass with water. Place a piece of cardboard over the top, 
and hold it there while you invert the glass. Remove your hand 
carefully. Does the water flow out of tire glass? Why? 



Figs. 8, 9. A demonstration of the effect of air pressure 


Obtain a gallon can which is air-tight, and which has a small round 
opening in the top. In it place about a cupful of water. Heat the 
water until it boils, and condensed steam issues freely from the opening. 
Cease heating the water, and instantly seal the opening with a cork or 
screw-cap. Make sure there are no leaks. Watch the can for a few 
minutes. Explain what happens. 

Conclusion: Does the air exert pressure? 

Questions: 

1. In what directions is the pressure exerted? 
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2. Why will a swinging door move slightly if you open a door quick! 
in another part of the room when the windows and other door 
are closed? 



Problem 4: How can air pressure be mens 
ured? (Class.) 

Directions: Take a glass tube about three fee 
long, open at one end and closed at the other 
Fill the tube with mercury. Hold the thiimbovei 
the open end and invert the tube in a cup contain, 
ing mercury. Remove the thumb only after tht 
lower end of the tube ia below the level of mor« 
cury in the cup. 

What happens? Measure the height of the 
column above the level of mercury’ in the cup. 

Questions: 

1. Why does the mercury not fall alt the wav 
in the tube? * 

2t Why does it fall a few inches? 

3 - How can a device like this be used to meas¬ 
ure air pressure? 

4 - Mercury is about 13.6 times as heavy aa 
water What would he the approximate 
length of a tube for a water barometer? 



Wg. xo. The princi- 


How high is the col- 
uran of mercury when 
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Problem 5: What is the relation between air pressure and the 
weather? (Pupils.) 

(Note: Before beginning problem 5, it is well to make arrangements 

with the nearest local weather bureau to receive regularly copies of 

the daily weather map. These should be posted daily in the room. 

They are studied in more detail in Chapter VI.) 

Diredioits: Use a graph paper or rule off squares upon blank paper 
according to the plan shown in the diagram. (Fig. 11, page 14.) 

Decideupon a certain time of day to take the reading of the barometer 
or copy tiie official report as given in the newspaper. 

To indicate the kind of weather tiie following symlwls are suggested: 
0 means Fair; (J> means Partly Cloudy; • means Cloudy; ® means 
Rain; ® means Snow. 

On each day record the date, the kind of weather, and the reading of 
the barometer. 

Questions: 

1. Can you observe any relation between the kind of weather and 
the rising and falling of the barometer? 

2. In genera!, what is indicated by a rising barometer? By a falling 
barometer? 

Galileo, a great Italian scientist (1564-1642), was one of 
the first men to have a correct idea about air pressure. He 
proved that air had weight, and in his old age was at work 
on some experiments to show its pressure. At about that time, 
his patron, the Duke of Tuscany, had a deep well dug near 
Florence, and was much surprised and disappointed to find that 
the best pump available would not raise the water higher than 
thirty-three feet. He asked Galileo for the explanation. Gal¬ 
ileo believed that It was because the air pressure was not great 
enough to raise it any higher, and he set one of his pupils, Tor¬ 
ricelli (Tor-ri-chel'li), to work upon this problem. 

Torricelli proved that Galileo’s idea about air pressure was 
correct, that at sea-level air will support a column of water 
about thirty-four feet high. If a perfect suction could be pro¬ 
duced, a pump thirty-four feet in length might be operated. 
He also found that the air pressure at sea-level was sufficient 
to hold up a column of mercury about thirty inches in height. 
As a result of this experiment, he made the instrument called 
the barotneier. 
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eter. He and a company of friends ascended a mountain, 
leaving a barometer at the bottom and taking another 
with them,; They found that when they reached the summit 
of the mountain the level of the top of the column of mercury 
had fallen about three inches, They knew they had gone up 
twenty-seven hundred feet. Then they carried the barometer 
down the mountain and found that when they had gone half¬ 
way down, the mercury had moved up the tube about an 
inch and a half higher than it was when they had started to 
descend. Wheu they reached the bottom they found that the 
two barometers registered the same — about thirty inches 
above the level of the mercury in the cups. Thus it was discov¬ 
ered that for a rise of about nine hundred feet near the earth's 
surface there is a decrease of pressure represented by a one* 
inch drop of the mercury in the tube. (See figure 7, page 
12.) 

The aneroid barometer. At the present time there is manu¬ 
factured another kind of barometer which is more easily carried. 
This newer kind of barometer contains no liquid and hence is 
called aneroid — a word which comes from two Greek words, 
meaning "without moisture." Its action depends upon the 
motion of a pointer which, is regulated by air pressure upon a 
hollow metal disk. Aviators and balloonists take this latter 
type of barometer with them to indicate how far above the 
earth’s surface they have risen. 

The barometer used to forecast weather. The air pressure 
at any one place is not always the same, but fluctuates or 
changes constantly. The causes of these fluctuations are 
closely connected with weather conditions, and for that reason 
the barometer is widely used to forecast the weather. In 
Chapter VI you will study further about the natural laws which 
control the weather. Problem 5 has already shown you the 
relations between changes in air pressure and changes in 
weather. What are they? 
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C. AIR PRESSURE AND HOW IT IS USED 
Problem 6 : Why does water rise in a pump ? {Pupils.) 


Directions: 

Part i: Use a fountain-pen filler to take up some liquid. 

What makes the liquid rise after the pressure ujMjn the bulb has been 

released? 



Fig. 13. How a lift pump works 

Notice the way in which the valves open and close as the handle is moved 
up and down. A, handle; B, piston; C, piston valve; P, cylinder, Ji, lower 
valve; F, pipe to the well. Is it really the air pressure that causes the water 
to rise? 


Part 2; From a model or from the diagram study the operation of the 
piston and the valves of a lift pump. 

Make diagrams, showing the opening and closing of these valves 
when the piston is in different positions. 

Conclusion: 

Why does the water rise in the pump? 

Questions: 

1. Why must the pump handle be moved up and down several Umss 
before water comes from the spout? 

2 Why is it sometimes necessary to prime 0 pump? 

Problem 7: To take water out of an aquarium by using a siphon. 

(Class.) (If there is no aquarium use a jar.) 

Directions: Fill with water a piece of rubber tubing of convenient length, 
holding the thumbs over the ends, 

Still holding the thumbs over the openings, place one below the 
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surface of the water in the aquarium. Put the other opening into a 
receptacle which is below the level of the aquarium. What happens? 

Gradually raise the end of the tube from which water is flowing and 
note the result. 

Questions: 

1. Can you explain why.the water should flow up and out of the 
aquarium? 

2. Under what conditions will the water stop flowing? Why? 

3. How could you remove water from a boat on the beach without 
tipping it over or bailing it out? 

Problem 8: How does a bicycle pump work? (Class.) 

Directions: Place a finger over the end of the tube leading from the 
pump and notice at what times the 
air is expelled and also when a 
suction is produced. 

Take the pump apart and examine 
the manner in which the plunger 
operates in the cylinder. 

Notice the arrangement for taking 
in more air to be forced into the tube. 

What special arrangement in the 
tire prevents the air from being 
sucked back into the cylinder from 
the tire when the pump is attached 
and operating? 

Summary: Make labeled drawings of 
a bicycle pump in different positions 
to indicate its manner of opera¬ 
tion. 

Problem 9: To compress air, (Class.) 

Directions: Connect a bicycle pump to a football, and pump air into it. 

When the football iB in¬ 
flated as hard as possible, 
pinch the stem, remove the 
pump, and connect a long 
glass or rubber tube. Fill 
a quart jar with water and 
invert it in a large pan of 
water. Support the foot¬ 
ball so that the air may 
escape into the quart jar. 
Allow the air from the football to bubble up slowly into the jar ol 



Fig. 15. Why does the air bubble up 
into the jar? 
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waiter. Why is the water driven ou t? When the jar is filled with air 
pinch the stem to stop the flow of air, while you fill the jar with water 
- again and invert it. Now let the air from the football again replace the 
water in the jar, In this way press out and measure ail the air that u 
in the football. 


Questions: 

1. How many quarts of air come from the inflated football? 

2. Is this volume of air greater or less than the volume of the football? 
Conclusions; Can air be compressed? Is air elastic? 

Air pressure and the lift pump, One very common imple¬ 
ment the operation of which depends upon air pressure is the 
ordinary pump. This is in general use all over the country to 
draw water out of shallow wells. It is sometimes called the 
suction pump because its proper working depends upon a 
closely fitting piston in a tube in which water i9 lifted by means 
of suction. By suction is meant the action of air pressure in 
forcing the water up into a space from which the air has pre¬ 
viously been drawn out. As you study figure 13, the principle 
underlying its construction and operation becomes clear. 

The force pump, As the name implies, the force pump is 
" ' used to force the water 

up to a higher level 
than can be reached by 
the ordinaty lift pump. 
Figure 16 indicates the 
position of the valves 
and the mannerin which 
they work.Steam fireen- 
gines have force pumps. 

Why? Force pumps are 
often used in houses 
which are not supplied 
with water pipes from 
a reservoir, but which 

°ni" 
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because water can then be forced into a tank from which it 
may be made to flow through pipes to other parts of the house. 

The use of an air chamber in a force pump makes the water 
flow steadily instead of jerkily. The air acts as a cushion and 
tends to force the water along because of the fact that it readily 
contracts under pressure, and when the pressure is relieved 
tends immediately to expand and occupy more space. In 
other words, the operation of the force pump indicates that air 
is elastic. 

Air pressure and the exhaust pump. The exhaust pump is 
so made as to be able to remove air from anything to which it 
may be attached. Otto von Guericke, who lived at about the 
time of Galileo, invented the exhaust pump and performed 
many experiments that amazed the people of his day. One of 
the most famous of these was performed with the halves of a 
hollow metal sphere. These were made so that when fitted 
together they became air-tight. Upon attaching his exhaust 
pump to them he was able to remove practically all the air 
from inside.' When this was done it was not only impossible 
for a man to separate those halves, but it is reported that 
sixteen horses, although hitched together so as to exert their 
combined strength to pull the hemispheres apart, were unable 
to do so. Yet when air was permitted to enter they fell apart 
of their own weight. How do you explain these facts? 

The bicycle pump. Tire pumps are so commonly used that 
we ought to be familiar with their mechanism. When the 
piston, which is made of metal with a leather washer, is pushed 
down, the leather is pressed tightly against the sides of the 
cylinder, while on the upstroke the piston is somewhat loose. 
Can you explain the use of this in the operation of the pump? 

A bicycle pump is the simplest form of compression pump. 
In all compression pumps two valves are necessary. Only one 
is open at a time. One valve holds the supply secure while the 
other opens for a new supply. 

Air pressure and the action of the siphon. Another instru¬ 
ment which depends for its operation upon the action of air 
pressure is the siphon. A siphon is a bent tube that is used fpr 
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conveying a liquid upwards and then downwards to a lower 

, e completely filled with liquid: also 
arm must be under the surface of the 
liquid in the upper jar. 
Since the weight of the 
liquid in the short arm (ab) 
is less than the weight of 
the liquid in the long arm 
(cd), the greater weight in 
the long arm causes the 
liquid to press downwards 
and flow out at the end. 
Air pressure on the surface 
of theliquid in the upper jar 
causes more liquid to enter 
the tube at a as long as its 
opening is below the liquid 
surface. 

Compressed air. For 
Fig. 17. A Siphon many years numerous uses 

have been made of com* 
pressed air. It may be compressed to such an extent as to 
exert tremendous pressure. Every one is familiar with the 
fact that bicycle tires and most automobile tires are so made 
as to permit air to be pumped into them. The air then exerts 
the pressure which keeps the tires properly distended. Per¬ 
haps you may have wondered at the great amount of air which 
Such tires are able to hold without breaking. 

Another common way in which compressed air is used is to 
operate the air-brakes of trains. Compressed air has even been 
used to run cars carrying people. It is frequently used to drive 
drills into rock for the purpose of blasting, thus facilitating the 
construction of tunnels, such as the great tunnels through 
mountains. The many uses to which compressed air has been 
put would make a good project for a special report. (See page 
40.) 


The bent tube must t 
the open end of the short 
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Balloons. For centuries man made attempts to "fly.’’ He 
long ago discovered that anything which was lighter in weight 
than an equal volume 
of air, would rise in 
the air. But for many 
years there was no suc¬ 
cessful attempt to solve 
the problem of flight. 

In the thirteenth cen¬ 
tury Roger Bacon pro 
posed" to "fill a large 
hollow globe of copper 
wroughtextremely thin 
with ethereal air or 
liquid fire and to launch 
it from some elevated point into the atmosphere where it will 
float like a vessel on wat^r." 

Four centuries later it was proposed that four thin hollow 
spheres of metal from which the air was to be exhausted be 
made and attached to a wooden framework under which was 
to be a boat. It was to be propelled through the air by a sail 
or in calm weather by oars. Fantastic as this idea was, it was 
the forerunner of the balloon. 

In 1776, Cavendish, an English scientist, .showed that hy¬ 
drogen was lighter than air. Soap bubbles filled with hydro¬ 
gen demonstrated the principle of the balloon. 

In 1782, two Frenchmen, the brothers Montgolfier, acting on 
the observation of the suspension of clouds in the atmosphere 
and the ascent of smoke, were able to cause paper bags to ascend 
by rarefying the air within them by means of a fire below. The 
next year they constructed the first practical balloon. This 
rose to a height of fifteen hundred feet. Benjamin Franklin, 
then in Paris, was greatly interested in the experiment. 

In the same year it was discovered that silk coated with 
rubber would hold hydrogen. Using this material a balloon 
was made. It rose to a great height and traveled 27 miles. 
In 1785, two men in a balloon crossed the English Channel. 
One of these w%s an American. 



Fig, 18. A captive observation balloon 
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Passenger balloons are made with gas-fifled bags which can 
. support the basket or "car” with its human occupant. A 
balloon will rise until it reaches a place where it is just as heavy 
as an equal' volume of air around it. It will go no higher unless 
it is made lighter by throwing out ballast. When the balloonist 
wishes to come down, he lets out some of the gas from the big 
bag which buoys him up. The balloon then becomes relatively 
heavier than the surrounding air and consequently sinks. 

Early in the nineteenth century coal gas, which while heavier 
than hydrogen is lighter than air, was cheaply produced, 
iphis greatly aided the development of the balloon. 

> ..Probably the most dramatic balloon flight was made by 
\ Gambetta, the French statesman. In the war with Prussia 
when Paris was surrounded, he escaped from the city by bah 
; |oon in order to arouse the provinces to resistance, 
y In America the first well-established ascent was made in 
Philadelphia in 1793. 

1 In later years hydrogen began to be more cheaply produced, 
and it therefore came into general use to inflate balloons. 
. Why is it better than coal gas to lift a balloon? 

■Helium, first discovered in the sun in 1868, and on the earth 
In 1895, is very valuable for filling balloons because it will not 
v burn. It is commercially produced from natural gas wells in 
Texas and a few other places. It is heavier than hydrogen, 
and therefore has less lifting power. 

' .From the spherical balloon was developed the observation 
; or kite balloon. This is shaped like a sausage, and is equipped 

y '.jtjith.ballonets at the lower end to stabilize it. This is not 
' used for cruising, and so is anchored to the ground. (See 
\ figure 18, page 23,) 

: y ; yV Dirigibles. Attempts were early made to propel and to steer 
y balloons. In 1852, the first successful attempt was made by 
-s; ,Henri Giffard who used a steam engine to propel a balloon at 
. the rate of six miles an hour, Santos-Dumont was the first 
to adapt the gasoline engine toaballoon. JuBt before 1900 he 
inside his first flight in a dirigible. Count Zeppelin made many 
improvements, and many of his dirigibles were used in the 
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Great War. They have been used considerably in Europe for 
passenger traffic. In 1929, the Graf Zeppelin, a huge dirigible 
nearly 800 feet long and 116 feet in diameter, made a trip 
around the world in a little more than 20 days. The Graf 
Zeppelin has a flying range of over 6000 miles and a speed of 
from 60 to 80 miles an hour. Its frame is of duralumin, over 
which is stretched a specially prepared cloth. Throughout the 
last few years it has made regular flights between Germany and 
Brazil, carrying passengers, merchandise, and mail. 



t „ 


Fig. 19. A dirigible balloon 

The arrival at Lakehurst of the ZR-3, the first Zeppelin to cross the 
Atlantic Ocean. ( International.) 

Airplanes. For many years man has tried to imitate the 
flight of birds. The bird, of course, is heavier than an equal 
volume of air. In trying to imitate. the bird, therefore, man 
had to solve the problem of how to make a machine heavier 
than air which yet would stay up in the air. 

Samuel P. Langley, an American scientist, began his experi¬ 
ments in 1887. Nine years later, he built the first heavier- 
than-air flying machine that ever actually flew. This was 
launched into the air by a piece of apparatus which was not a 
part of the machine itself, and used a tiny steam engine for 
motive power, This machine proved that the correct prin- 
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ciples of aerial flight by mechanical means had been discovered. 
In 1903, Langley built a larger machine equipped with a primi¬ 
tive gasoline engine. This made a flight that was only partially 
successful; but the soundness of the inventor's ideas was proved 
eleven years later when, with a modem engine, this very 
machine was made to fly. 

It was the invention and perfecting of the light-weight gayy - 
line engine that made possible the development of the airplane 
by Wilbur and Orville Wright, of Dayton, Ohio. They experi¬ 
mented first with kites, and later with gliders, Finally, j„ 
December, 1903, they demonstrated the first machine that 
could lift itself and a passenger from the ground; and five years 
later, they made the first airplane flight that can be called a 
practical one. 


The feat of the Frenchman, Louis Blfiriot, who in 1909 flew 
across the English Channel from Calais to Dover (twenty-six 
miles in thirty-seven minutes), was the most sensational event 

- m history ’ Durin £ the World War, a great 

many skillful fliers were developed, and there were many im¬ 
provements m airplane construction. Even greater progress 
SST d! “W <*• yeara at peat*. kJ records 

0 altitude, speed, and endurance are constantly being act. We 

an mention only a few outstanding events. If yonwalch 

e newspapers, you will frequently find stories of what other 
aviators are accomplishing. 0Uier 

f 919 ’ tW ° Engli , hmen ma ^ e the first trans-Atlantic 
%ht, tram W A United State, Navy seSpCX 
, JNL 4 , also crossed, touching at the A*™*, t W 
squadron of United States aIu „i 6 « l924 ‘ a 

world, making thSrfhS5„ y f laneS fir8t flew Ground the 
army officer flew across J 3everal stages. Another American 

fr °7 the AtIantic 10 

Richard E. Byrd, of our naw J h In 19261 Ad!miraI 

bet-gen to the North Pole Sf>itZ ‘ 

Ia 192 ?, Colonel Charles A fSk I33 °, mi 28111 * 5 * hours, 

Louis, made the flight that mad v ® pirit °* St 

H*. 3610 raifa if 33 Uoura ~ Ne " York to 

M) noun, and tiro officers of our army 
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flew from California to Hawaii. In 1928 was accomplished the 
first crossing of the Atlantic, from east to west. It was a non¬ 
stop flight of 2125 miles 
in 36^ hours. This air¬ 
plane, the Bremen, was 
navigated by two Germans 
and an Irishman. In 1928, 
also, the Southern Cross 
flew from California to 
Australia by way of Ha¬ 
waii and the Fiji Islands. 

She carried two Americans 
and two Australians. The 
distance was 7300 miles, 
and the time 9 days. On 
Thanksgiving Day, 1929, 

Admiral Byrd, from hia 
base in Little America in 
the Antarctic, flew to the 
South Pole and back — 

1600 miles. From these 
flights we see that the 
airplane conquest of the 
world has been an international affair. 

How an airplane flies. Just how an airplane that weighs 
thousands of pounds can rise from the ground and go flying 
through the air is at first thought a mystery. The explanation 
is simple if we compare an airplane to a surf board or aqua¬ 
plane. Perhaps you have seen boys and girls riding these 
boards towed by speeding motor boats. When in motion the 
front end of the board tends to rise above the water, and the 
board itself easily supports the weight of its passengers. When 
the motor boat stops, the surf board and its load begin to sink. 
The motor boat's pull in towing the surf board may be likened 
to the pull exerted on the airplane by its propeller. 

Here is another illustration: If you hold a cardboard out of 
the window of a rapidly moving automobile, it offers very littl 



Fig. 20. Colonel Charles A. Lindbergh 
and his monoplane 
Colonel Lindbergh's feats are possible 
because of his thorough training in science 
and because he iB so completely the master 
of his machine. (Acme.) 
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resistance while its flat surface is horizontal. But if you incline 
the cardboard so that its front edge is slightly higher than its 
rear edge, it offers more resistance to the air, and tends to rise 

and to move backward 
m . e Propell \ Engine at the same time. 

\ Cock pits When the automobile 

Aileron^, 3 -, . 

^ stops, the force of gra v- 

1 ity causes the card¬ 
board to fall. This 
proves that the effect 
of the air upon a body 
is dependent on the 
Fig. 21. The essential parts of a biplane motion of the air in 

relation to the body. 
V The parts of an airplane that make it fly are: (i) the engine 
and its propeller; (2) the elevators; (3) the supporting planes, 
or wings; (4) the aile- Corf( p ft 
rons; (5) the stabilizers; 
and (6) the rudder. 

Study figures 21 and 
22. 

The use of each of 
these parts is as follows: 

The propeller, usually 
made of two long blades 
'Sbfwbqd, is kept in mo¬ 
tion by the engine, and whirls round and round like the arms of 
a windmill, but with far greater rapidity. This produces the pull 
through the air which first enables the airplane to rise from the 
; « r °und, and then keeps it in motion. If the propeller should 

f ° rCe ° f gravity would tend to make the airplane fall. 
^ elevators are two small horizontal hinged rudders, 
vpenthey are inclined upwards, the air is forced against 
-them by the forward movement of the airplane in such a way 

‘ * hat . . I f achine ^ends, and when'they are inclined down¬ 
wards it descends. 

The wings are the parts of the airplane that keep it in the 



^Elevator 

wheels’ StatMlizer 

Fig. 22. The essential parts of a 
monoplane 






Air Pressure and How it is Used 


29 


air. They are curved from front to back (cambered), and 
thicker near the front edge. Their supporting effect comes 
from the machine’s rapid movement forward. As the wing 
moves forward, the air from the rapidly revolving propeller 
passes partly under the wings and partly above them. As the 
air strikes the slightly concave bottom of the wings, it is de¬ 
flected downward. The air that strikes the convex upper sur¬ 
face of the wings is deflected upward, and so exerts only slight 
downward pressure, As long as the plane is moving through the 
air, the result is a strong uplifting force. The faster the plane 
moves, the greater the lifting effect. 

The ailerons are two small hinged extensions at the back 
edge of the wings which serve as balances when the airplane 
tilts to one side or the other, as it does in turning, 

The stabilizers are two small fixed wings joined to the for¬ 
ward edges of the elevators. They hold up the rear end of the 
airplane, which has a tendency to drop if the wings are at a 
sharp angle with the wind. 

The vertical rudder at the extreme end of the airplane is 
hinged and controls direction in the same way as does the 
rudder of a boat. 

AH these parts of the airplane are controlled from the cock¬ 
pit, in which the pilot is seated. The body of the airplane to 
which the wings and the tail unit are attached and in which is 
space for pilot, passengers, and cargo, is called the fuselage, 
To its under surface are attached the wheels and land skid 
upon which the airplane 11 taxis ” before taking off and on which 
it lands when coming to the ground. 

Hydroplanes, or seaplanes, carry boat-like pontoons instead 
of wheels, so that they can rise from water and descend again 
to the water surface. Amphibian planes carry both wheels 
and pontoons. 

Pressure on the human body. You have learned how the air 
pressure is sufficient to support an airplane and that there is a 
great ocean of air above the earth. When you consider the 
great weight of air which is pressing down upon all objects on 
the earth's surface, do you not wonder why the human body is 
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not crushed beneath it? This would undoubtedly happen, were 
it not for the fact that (i) the air pressure is exerted tint simply 
downward but equally in all directions; and (2) that there is an 
internal pressure which is usually equal to the external pres- 
sure. At times, however, the internal and external pressures 
are not equal. Under such circumstances harmful results may 
follow. 

Perhaps you have experienced unpleasant sensations in the 

ears as a result of 



using fast elevators in 
tall buildings. Some¬ 
times men have gone 
upso far and w rapidly 
in balloons as to cause 
bleeding at the nose 
and even rupture, or 
breaking, of the ear 
drums. If the change 
occurs slowly the body 
has time to adjust it¬ 
self; that is, the inter¬ 
nal pressure can be 
made equal to the ex¬ 
ternal pressure. If the 
change occurs rapidly, 
such an adjustment is 
impossible. Thus, the 
bleeding from the nose 
in the case of men who 
make very rapid as¬ 
cension in balloonB is 
caused by the pressure 


Fig. 23. Working in a caisson 111 the biood Wng 
Observe that each chamber contains air un- £tl*6£ltcr thetn til C prCS* 

p mv? * 5 " ® thec u ham u ber sure outside. This 

next above. Why? In the bottom chamber, ^ m 

the air pressure is sufficient to keep out the C&USCS the blCKXJ to 

TOter ‘ ooze through the deli- 
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cate lining of the interior of the nose. Likewise if one goes 
downward very far and very rapidly, unpleasant sensations 
are experienced. These are due to the rapid change of air 
pressure. 

Caissons and how they are used. Man has so far mastered 
his environment that he is able to fly high in the air, where the 
air pressure is much less than that on the earth's surface, and 
to work in deep mines, where the pressure is greater than the 
normal. In some cases, as when a lighthouse is built outside 
the shore line, or when a cable must be repaired, the device 
called a caisson is employed. This consists of a series of cylin¬ 
drical chambers, one above the other. Each chamber is fur¬ 
nished with compressed air under a different degree of pressure. 
The human body is able to bear a pressure equal to four times 
that of the atmosphere at sea level. But if the workers were 
suddenly sent into a chamber with such an air pressure, they 
could not stand it. Instead they go from chamber to chamber, 
giving their bodies time to become accustomed to the increased 
pressure. In the same way when they return to the surface of 
the water, they must make the change gradually. 

D. AIR AND SOUND 

Problem 10 : Is air necessary for the transmission of sound? (Class.) 
Directions: By means of an exhaust pump remove as much of the air as 
possible from a bell jar in which an electric bell has been set ringing. 

As the amount of air in the bell jar is decreased what is the effect 
upon the volume of sound produced by the dapper hitting the bell? 
Conclusion: What is your conclusion regarding the ability of air to 
transmit sound? 

Problem 11: What is the valve of a soundingbox? (Pupils,) 
Directions: Suspend a watch by its chain. Walk away until you can 
just barely hear it. Note the distance. 

Place the watch on a desk or table and again walk away until you 
can barely hear It. Note the distance. 

Questions: 

‘ I. Which distance is the greater? 

2. Why do musical instruments have sounding boxes? 

3. What is the value of the sounding board sometimes erected over 
the pulpit in a church? 
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Problem is: To illustrate the principle of a phonograph. (Croup.) 
Directions- Make a small hole in the bottom of wrh of Ivhj round oat- 
meal boxes Through each hole from the outsider pa** a pine of string 
about so feet long, To the ends of the twine lie ImUnns, to keep the 
twine in place. Have a friend hold one box while you walk away until 

the string is taut. . 

Speak into your box while your fnend holds hi# to hi# ear. then let 
him speak while you hold your box to your ear. 

Questions: 

1. Can you hear better with this apparatus than without it? 

2. Are the sound vibrations conducted tetter through the air or 
through the solid parts of the apparatus? 

,/3 ; What are the corresponding parts of a phonograph? 

• .The nature of sound. Any object that gives forth sound 
must be vibrating; that is, moving backwards and forwards 
'very rapidly. Thus, to make a tuning-fork emit Bound it 
' ipust be struck and held in such a manner that it can vibrate. 
Strike a tuning-fork, and touch the end of one prong to a 
pith ball suspended by a thread. Explain what happens. The 
1 materials of which musical instruments are made or the air 
columns which they enclose must be set vibrating in order to 
produce music. The sounds made by the human voice are also 
produced by vibrations of what are known as vocal cords, 
i These vocal cords are located in the upper part of the wind¬ 
pipe, a place commonly spoken of in man as the Adam's apple. 
But not only must there be vibrations to produce sound, there 
o must be also, as we have seen, a medium for carrying these 
.. vibrations away from the object which is making them. 
The air is the usual medium for doing this. The vibrations 
pass through the air in what are called sound waves, much the 
: B ame as ripples spread out from the place where a stone has 
ts^en thrown into a pond, only much more rapidly. 

Alt transmits sound. Sound does not travel through a 
vacuum, a space where literally there is nothing. If you have 
solved problem io, you have found that by using an exhaust 
pump most of the air may be removed from a bell jar in which, 
an electric bell has been set ringing. The sound of the bell 
grows fainter and fainter as the air 1 b being pumped out. Since 
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it is impossible to make a complete vacuum by this means, the 
sound of the bell will not entirely cease. However, the result 
of the experiment is sufficient to make us infer that sound will 
not travel through a vacuum and that air is the usual medium 
for transmitting sound. While we usually think of air as the 
medium for sound, other gases will transmit it, as will liquids 
and solids. The lighter the gas the faster sounds will travel in 
it. Sound travels faster in warm air than in cold, in moist air 
faster than in dry, in hydrogen faster than in carbon dioxide. 
Sound travels faster in liquids than in gases, and in solids faster 
than in liquids. In water it travels about four times as fast as 
in air, and in steel about fourteen times as fast. Scientists 
have taken advantage of the fact that water transmits vibra¬ 
tions. The depth of the ocean can be quickly determined with 
the help of an instrument which registers the length of time 
taken by a sound to go from a ship to the bottom, to be re¬ 
flected, and to return to the ship. Knowing the speed of sound 
in water it is easy to calculate the depth. A similar device was 
used in the Great War to detect the presence of submarines. 

The rate at which sound travels. It has been found that 
sound travels through the air at the rate of a little less than 
eleven hundred feet per second. It is often possible to com¬ 
pute distances by knowing the rate at which sound travels. 
For example, if you were standing on the shore of a lake and 
wished to know the distance from you of a steamboat that 
happened to be whistling, you could observe the instant the 
steam escaped and then count the number of seconds before 
hearing the whistle. An interval of five seconds would indicate 
that the boat was about a mile away. Again, in a thunder¬ 
storm it is interesting to compute how far away the storm is. 
Since light travels almost instantaneously, the distance can be 
roughly computed by counting the number of seconds elapsing 
between the flash of lightning and the clap of thunder. If you 
can count ten seconds between the flash of lightning and the 
sound of thunder, how far away is the lightning discharge? 

How sound travels. When any object vibrates fast enough 
it causes the molecules next to it — in air, in water, or in any 
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other transmitting medium — to vibrate at the same rate. 
This motion is passed along from molecule to molecule. The 
result is a sound wave, As sound waves spread out from their 
source in all directions they gradually weaken. Hy confining 
the sound waves to one direction as with a megaphone, or 
confining them to a tube, as with a stethoscope or a speaking 
tube, their strength is preserved for a greater distance. Like¬ 
wise by bringing the spreading sound waves to a focus, we 
strengthen them. Why does a dog prick up his ears? Why 
does a deaf person cup his ear or use an ear trumpet? 
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there are three very small bones which are connected with each 
other and with the ear drum in such a way that when the ear 
drum vibrates the bones are set vibrating in harmony with it. 
These vibrations in turn are carried to the inner or internal ear. 
In this part of the ear there are nerves which are affected by 
these vibrations in such a manner as to send messages to the 
brain. The main nerve which carries the 'messages to the 
brain is called the auditory nerve. Hearing is the result of the 
whole process. 

A structure called the Eustachian tube runs from the back of 
the throat cavity to the middle ear where the three bones re¬ 
ferred to are located. The function, or work, of this tube is to 
permit outside air to reach the middle ear. 

Since one side of the ear drum is freely exposed to the outside 
air and the other side is not so directly exposed, when there is a 
rapid change in air pressure, the membrane is pressed either in 
or out. Under such circumstances insufficient time is given 
for die air of a different pressure to make its way through the 
Eustachian tube so that the pressures on both sides of the ear 
drum may be equal. The bulging of the ear drums causes the 
unpleasant sensations called ' 1 ringing in the ears." The differ¬ 
ence in pressure may become great enough actually to cause 
the rupture or bursting of the membrane. Men who fire the 
big guns on battleships open their mouths wide at the instant 
of firing. Can you see why? 

Ears are such delicate organs that they require special care. 
One important precaution is never to blow the nose too hard, 
lest infection be forced into the ear, Wax should never be 
pried out with a sharp instrument. When swimming and 
diving, one should place cotton in the ears. 

Noise and music. If the vibrations that produce sound are 
irregular, they produce what we call noise. If they are regular, 
they produce musical tones. If the same number of vibrations 
reach the ear each second, we hear a musical tone of definite 
pitch. If the number,of vibrations increases, the pitch rises. 
If the number of vibrations decreases, the pitch falls. You 
may have noticed when riding in an automobile that at the 
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instant an automobile going in the opposite direction with its 
horn sounding passed you, the tone of the horn suddenly fell in 
pitch. Can you explain this? Middle C on the piano is caused 
by the vibration of a wire 256 times each second. The lowest 
tone on the organ is produced by a pipe in which the air 
vibrates sixteen times each second. The range of musical tones 
which can be heard varies with individuals. The sound of 
highest pitch which aan be heard by human beings is produced 
by vibrations having a frequency of about 40,000 per second, 
while the sound of lowest pitch is caused by vibrations having 
a frequency of about sixteen. Children can hear sounds of 
higher pitch than adults. There is evidence that certain in¬ 
sects can hear sounds of much higher pitch than possible for 
human beings. The pitch of a vibrating string depends on its 
length, diameter, tension, and material, A boy’s voice changes 
, because the vocal cords thicken and lengthen. The pitch of 
an organ pipe or wind instrument depends on the length of the 
vibrating air column. This is particularly well seen in the case 
of the trombone. 


A musical tone produced by a piano differs from one of the 
same pitch produced by a violin string. We say that it differs 
in quality. The difference in quality of tones produced by 
different instruments results from the fact that in addition to 
the vibrations of the whole string in the case of the violin or 
of the piano or of the whole column of air as in the organ or 
trombone, there are vibrations of segments of the string or of 
the cqlumn of air. These vibrating parts, or segments, cause 
tones of higher pitch than that produced by the string or atr 
column: vibrating as a whole. You can illustrate this peculiar¬ 
ity. of vibrating bodies in this way, Fasten one end of a piece of 
rope about ten feet long to a post or other firm support. Hold- 
mg the other end and keeping the rope fairly taut, swing it 
»«< «tfort rapidly. By ,h„ .pj of you 

' ttT™ nute the rope vZS 
"in? : i S “ more Tie extra vibrationa too 

h “ d “ W) t»» produce overtones or her. 

i— SSt2, bym ' a " ,0 ' whichwer '“^ tl >« 
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Sound can be reflected, When we hear a sound which has 
been reflected, we call it an echo. Would an echo help you to 
estimate the distance across a valley or a lake? Explain. 

In your experiment, when you suspend a watch by its chain 
and walk away until you can just barely hear it, you note that 
the distance is less than when the watch lies upon a surface 
which acts as a sounding box. A piano has a sounding board, 
a violin a sound box, and the phonograph a horn so that larger 
bodies of air may be made to vibrate and thus strengthen the 
sound. Name other instruments that have sound-magnifying 
devices. The walls of rooms act as sounding boards. Any 
room in which music is to be played must be correctly designed 
or undesirable echoes will result. To get best results from any 
kind of music in our homes, draperies should be sparingly 
used, and the walls should be fairly smooth and clear. 



How many of these parts can you find on your home or 
school phonograph? What is the use of each part? 

Musical instruments may be conveniently divided into three 
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groups, the stringed instruments such as the violin, guitar, and 
the piano; the wind instruments as the clarinet, pi|* organ, 
and cornet; and percussion instruments as the bell, drum, and 
castanet. An orchestra consists of a properly arranged group 
of players of these three types of instruments. 

The phonograph, If you have tried problem 12, you have 
found that you can hear your friend's voice distinctly by using 

_ f such a simple " telephone." ^ The Inn- 

tom of his box was thrown into vibra¬ 
tions which were taken up by the string 
and carried to the bottom of your !k»x 
which vibrated exactly in unison. A 
phonograph is based on this principle. 
Music or speech makes a disk vibrate, 
To tie disk is fastened a needle which 
touches a wax plate which ia slowly 
turned. The needle makes a wavy line 
on the plate, The disk corresponds to 
the bottom of the box your friend used 
in the experiment, the needle corre¬ 
sponds to the string, and the plate in 
part to the bottom of your box. There is this difference, how¬ 
ever. In your experiment the whole bottom of your box vi¬ 
brated. . In the case of the wax plate the needle traced a record 
of the vibrations in a spiral groove. From this master record 
are made thousands of reproductions, which we call phonograph 
records, Place such' a record on the turntable of your phono¬ 
graph and play the record. Put your finger on the diaphragm 
of the sound box. Explain what happens. Move the tone 
arm or taper tube to one side. Hold in your hand a phono¬ 
graph needle and let it run in the groove of the record as it 
turns. Can you still hear the music or speech? What is 
the purpose of the tone chamber? 



_iM 

CROOK 


ranee 

Fig. 26. The Bound box 
of a phonograph 

Inside is the sensitive 
diaphragm which vibrates 
as the original disk vi¬ 
brated. What ia the differ¬ 
ence between the sound 
box and the tone chamber? 
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REVIEW OUTLINE 

A. The reality of air 

1. Proofs that the air is real 

2. Air as a gas 

a. Three forms of matter . 

3. Liquid air 

4. The atmosphere an ocean of air 

B. Air pressure and its measurement 

1. Galileo’s discovery 

2. The barometer 

a. Torricelli’s first barometer 

b. How to tell elevation by a barometer 

c. Two kinds of barometers 

d. How to forecast weather by a barometoi 

C. Air pressure and how it is used 

1. Pumps 

a. Lift pump 

b. Force pump 

c. Exhaust pump 

d. Bicycle pumps 

2. Siphons 

3. Compressed air 

4. Balloons 

a. Dirigibles 

5. Airplanes 

a. How an airplane flies 

6. Caissons 

D. Air and sound 

1. Nature of sound 

2. Transmission of sound 

a. By air 

b. By other substances 

3. How sound travels 

a. Rate 

b. Sound waves 

4. The organ of hearing 

5. Noise and music 

a. Vibrations 

b. Pitch 

c. Quality 

d. Sounding boards 

e. Musical instruments 

f. The phonograph 
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INDIVIDUAL PROJECTS 


Working projects: , _ „ , . 

l. Make a kite and fly it to observe the effect of air-pressure upon 


it. For directions see 

Home-Made Toys for Girls and Boys (pp. 9-20). 


A. N. Hall. 


The Outdoor Handy Book (pp. 46-89). D. C. Beard. Scribner. 
Practical Things with Simple Tools (pp. 23-34), M. Goldsmith. 
Sully. _ . 

2. Make a toy windmill. Directions are given in 

Practical Things with Simple Tools (pp. 142-44). M. Goldsmith. 


Sully. 

3. Make a model airplane. Directions are given in 

Home-Made Toys for Girls and Boys (pp. 21-32). A. N. Hall. 


Lothrop. 

Beginning to Ply, M. Hamburg. Houghton. 

Boys' Book of Model Airplanes, F, A. Collins. Century. 

Building and Flying Model Aircraft. P. E. Garber. Ronald. 
Model Airplanes; How to Build and Fly Them. E. L. Allen. Stokes. 

4. Make a glider. Directions are given in 

"The Scientific American Boy at School (pp. 187-97). A. R. Bond. 
Munn. 

5. Make a collection of airplane pictures, showing something of the 
development since the time.of the Wright Brothers. 

6. Make a pump and demonstrate how it works. 

See Laboratory Projects in Physics, Goode. Macmillan. 

7. If there is an exhaust pump in the school, learn to use it, and ex¬ 
plain it to the class, with experiments. 


Reports: 

1. Pneumatic mail tubes. 

Harper's Machinery Booh jor Boys. J. H. Adams. Harper. 

2. Liquid air, 

Boys' Book of Inventions (pp, 43-76). R, S. Baker. Doubleday. 
The Romance of Modem Inventions (pp. 213-23). A. Williams. 
Lippincott, 

Wonders of Science, School Edition (pp. 72-85). E. M. Tappan, 
Editor. Houghton. 

3. Work and life of Galileo. 

The Story of Great Inventions (pp, 9-33). E. E. Burns. Harper. 

4. Compressed air and its uses, 

Wonders of Modern Mechanism (pp. 158-65). C. H. Cochrane, 
Lippincott. 

Wonders 0] Salvage. (Raising sunken vessels,) D. Masters, Dodd. 

5. Man’s conquest of- the air. 

Airplanes and Dirigibles. F. A. A. Talbot. Lippincott. 

Amatvm Stores. J. E. Thomson. Longmans. 

The Booh of Air blames. J. W. Iseman and S. Taylor. Oxford. 
Conquering the itr. A. Williams. Nelson, 

-rvi °f‘ hf Air ' C. L. M. Brown. Oxford. 
Xu'PvsMtcraU Book. A, H. Verrill, Harper, 

How It Flies. Richard Ferris. Nelson. 

How to Fly. A. F. Collins. Appletpq, 



Books That Will Help You 4* 

Knights of the Air. L. J. Maitland. Doublcday, 

Sky-High: the Story 0/ Aviation. E. Hodgins and F, A, Magoun 
Little. 

6. Working in caissons. 

How II Is Done. Archibald Williams. Nelson. 

With the Men Who Do Things (pp, 34-74). A. R. Bond. Munn. 

7. Railway air-brakes, 

The Romance of Modem Locomotion (pp. 190-99)' A. Williams. 
Lippincott. 

8. Harnessing the power of wind. 

The Amateur Mechanic. A. F. Collins. Appleton. 

9. Divers and diving bells, 

With the Men who Do Things (224-39), A. R. Rond, 

Careers of Danger and Daring, (pp. 40-46), C, Moffett Century. 

10. Famous balloon races. 

The Boys' Book of Airships (pp. 48-50). H. Delacombe. Stokes. 

11. Helium gas. 

Wonders of Chemistry (pp.. 78-81). A, F. Collins. Crowell. 

13 . Count Zeppelin. 

Wonders of Physical Science (pp, 190-201). E. E. Fournier d'Allfc. 
Macmillan. 

13. The Wright brothers. 

Conquests of Invention (pp. 330-46). M. R. Parkman. Century. 

14. A visit to a pumping station. Visit a pumping station if there is 
one in the community. Obtain as much information about it as 
possible and make a report in class. 


BOOKS THAT WILL HELP YOU 

TheBarometer as the Foolrtde of the Air. Taylor Instrument Cos., Rochester, 

The Barometer Booh. Taylor Instrument Cos. 

The Boys’ Book of Physics. Clarke and Small, Dutton. 

The Boys' Home Book of Science and Construction, A. P. Morgan. Lothrop. 
Gas and Gases. R, M, Cavcn, Holt. 

The Orchestra and How to Listen to It, M. Montagu-Nathan. Dutton. 
Stories of Inventors, _ Russell Doubleday. Doubleday. 

The Science of Musical Sounds, D, C. Miller. Macmillan. 

■ The World of Sound. W, Bragg, Dutton. 



II 

AIR AND FIRE 

Rre in Its relation to our lives. We cannot imagine living 
without fire. As far back as the history of man can go, there 
have been no savage tribes so ignorant that they did not know 
about fire. Primitive man made a god of it, and several ancient 
religions are based upon "fire-worship.” Civilization began 
with man's use of fire and has grown with the increase of its 
uses. We use it in our homes to keep us warm, to cook our 
food, and to give us light We use it in our communities to 
run our steam engines, which rua electric dynamos, which in 
turn furnish the power for machinery and for light and heat. 

While we have all felt the helpful effects of fire, we may have 
also suffered from fire which has not been under control. Con¬ 
sider the burning of forests, of homes, and of large parts of 
cities. In the great Chicago fire nearly one hundred thousand 
people were made homeless and millions of dollars' worth of 
property was ruined. We are justified in feeling pride in the 
splendid fire departments of our cities, and in the effective 
work of the forest rangers in the wooded areas of our country. 
But we should remember that in spite of all this system of fire 
protection, the fire loss in the United States each year is greater 
than that in all the countries of Europe combined. The lower 
logs in those countries is explained to some extent by the less 
inflammable materials used in building their dwellings, espe¬ 
cially in villages and towns, and by the fact that there remain 
in these countries few forested regions. The chief explanation, 
however, is that our American people are far more careless 
about fire hazards. We surely wish to do our part in reducing 
the present appalling loss by fire throughout our country. 

Individual projects. As you work on this chapter, remember 
that there are individual projects that you can do to make the 
class-work more interesting. For example, do you know how 
to make a fire, by friction, without matches? If so, and your 
teacher is willing, demonstrate it before the class. For other 
suggestions, see page 60. 
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THE PROBLEMS 

A. On wiiat the air is made of. 

1. Which of the gases ia the air helps to make things 

burn? 

2. To find a test for the presence of carbon dioxide. 

3. Does the air contain carbon dioxide? 

B. On the elation between air and fire, 

4. Is an air-supply necessary for burning? 

5. What substances arc produced when a candle 

burns? 

6. What substances arc produced when a piece of 

wood burns? 

7. What substances are produced when illuminating 

gas burns? 

8. What is the relation between temperature and 

burning? 

9. What is spontaneous combustion? 

C. On how to put out fires. 

10. To make anti use a model of a fire-extinguisher. 
It. To demonstrate the use of a fire-extinguisher. 


A. WHAT THE AIR IS MADE OF —ELEMENTS AND 
COMPOUNDS 


Problem 1: Which of the 
gases in the air helps to make 
things burn? (Goss.) 

{Note: Air is composed ol 
several invisible gases, among 
which are oxygen, nitrogen, 
and carbon dioxide.) 

Directions: 

Part is Does oxygen help 
burning? 

Heat a large test-tube con¬ 
taining about a teaspoonful of 
potassium chlorate and a quar¬ 
ter teaspoonful of manganese 
dioxide mixed together; the 
gas given off is oxygen. 



Fig. 97. Obtaining oxygen 
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Test the gas by putting a glowing splinter into the top of the tube, 
What happens? Try other burning substances, such as paper, cloth, 
etc. What characteristic of oxygen have you demonstrated? 

(Note: This experiment may also be performed by using oxone. 
The oxone —sodium peroxide —is mixed with water and the gas 
given off is oxygen.) 

Part 2: Does nitrogen help burning? Collect some nitrogen by 

displacement in water by heat¬ 
ing some sodium nitrite mixed 
with ammonium chloride and 
water. (Cautionl Do not heat 
too rapidly.) Put a lighted 
splinter into the jar contain¬ 
ing nitrogen. Try other burn¬ 
ing substances. 

What is the result? Does ni¬ 
trogen help burning? Is nitro¬ 
gen like oxygen in regard to 
burning? In what respects is 
it like oxygen? 

Part 3: Does carbon dioxide 
help burning? Collect some 
carbon dioxide in a jar or in 
a test-tube. Carbon dioxide can be produced by putting some 
marble chips in a flask and adding some dilute hydrochloric arid 
(10 per cent solution). 

The gas may be run off 
through a rubber tube as 
shown in the illustration 
and collected in any con¬ 
venient container. Plunge 
' a lighted splinter or match 
into the jar or test-tube. 

Try other burning sub- 
stances. 

■'■What do you observe 
.happens? Is carbon diox¬ 
ide like oxygen with regard 
to burning? In what re- 
. spects is it similar to 
oxygen? 



Fig. 28. Obtaining nitrogen 



Fig. 29. Obtaining canton dioxide 


What properties of carbon dioxide have you demonstrated? 

Which of the gases which you have tested helps make 
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Problem 2\ To find a test for the presence of carbon dioxide. (Class.) 

Directions: Collect some carbon dioxide in a jar, as directed in problem x. 

Pour in some lime water, 

Shake the jar and notice the appearance of the lime water. 
Conclusion: What is a test for carbon dioxide? 

Problem 3: Does.the air contain carbon dioxide? (Class.) 

Directions: Let a dish of lime water stand in the room during a period. 
What can you notice upon the surface at the end of that time? 

Let it stand overnight. Is there a larger amount of material upon 
the surface? 

A quicker way to get results is to force some of the air of the room 
through a glass of lime water by using an aspirator. 

Conclusion: What does this experiment indicate? 

Composition of the air. The air is a mixture of invisible 
gases. The most important gases present in the air are those 
called nitrogen, oxygen, carbon dioxide, 
and water vapor. Nitrogen makes up 
about four fifths of the air and oxygen 
about one fifth, while carbon dioxide 
composes about three hundredths of 
one per cent. There is also always 
some water vapor present in the air, 
but this varies in amount at different 
places and at different times. Besides pig. 30. A diagram 
these materials, small quantities of to show the relative 
other gases are also present. These ammmts °f nitrogen, 
gases are rare and were not even gas | s & ^ ^ 
known to be in the air until recent 
years. They are named helium, argon, neon, krypton, and 
xenon. It can readily be seen that the air, instead of being a 
simple gas, is really a complex mixture of gases. Impurities, 
such as dust, smoke, and pollen, are also found in the air, even 
at a great height above die earth's surface. They, however, 
are considered as foreign substances, not as necessary parts of 
the air. 

Elements and compounds. All of the materials of which our 
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world is made either are simple substances or else they are 
composed of combinations of simple substances. One cannot 
tell simply by looking at a substance whether it is a simple 
substance or element, as these simple substances are called, or 
whether it is a combination of elements. It is necessary to 
test a substance in various ways to ascertain its nature. There 
are many such tests; a study of them is included in the science 
called Chemistry. 

The father of modern chemistry was the Frenchman, Antoine 
Laurent Lavoisier (1743-94), who reorganized the methods of 
this science, and gave it its present terminology. Lavoisier 
proved that matter is indestructible; its form may change but 
not its weight. A log may burn to ashes and seemingly dis¬ 
appear, but if the ashes and the smoke and gases that escaped 
could be weighed, their weight would be found to equal that of 
the original log. Lavoisier gave the name to oxygen, and ex¬ 
plained that combustion was caused by the union of this gas, 
which is present in the air, with the burning matter. 

Scientists tell us that there are about ninety-two elements 
and almost innumerable combinations and mixtures of these 
elements. As far as man has been able to discover, elements 
consist of only one kind of material and therefore they may be 
considered, as we have said, simple substances. For example, 
iron is called an element because up to the present time no one 
has been able to find anything else in iron except iron. Simi¬ 
larly, oxygen, nitrogen, and carbon are classed as elements. 

Most of the things around us, however, are not elements, but 
combinations of two or more of these simple substances. These 
combinations are called compounds. Water and carbon diox¬ 
ide are examples of compounds. Water consists of two partB 
hydrogen and one part oxygen, while carbon dioxide consists 
of one part carbon and two parts oxygen. 

- A table of elements, with their symbols. As previously 
stated, ninety-two elements have thus far been discovered. 
Some of them are very scarce. Many others, however, are 
very common, and we shall refer to some of them in our study. 
Chemists, in referring to them, abbreviate their names into 



The Bessemer converter in action. A case of rapid oxidation 

The "Bessemer converter" is used in nuking steel. The con* 
verter is partly filled with molten pig iron from a blast furnace. A 
strong blast of air is then forced up from the bottom of the converter 
through the ten tons or more of molten metal. The oxygen of this 
air combines with the carbon, sulphur, phosphorus, silicon, mid 
other impurities in the molten iron to form oxides of these elements. 
The solid oxides remain in the converter, but the gaseous ones are 
blown out of the mouth of the converter in a sheet of dazzling tlame. 
If the air blast is continued too long, some of the molten iron will 
also be oxidized, a reaction which must not be allowed to occur, 
The operator can tell by the colors of the flame as it issues from 
the converter when the air blast should be shut off. (Scientific 
American,) 
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short symbols. Some of these symbols taken, for the most part 
from Latin words, are given in the following table: 

Some of the Most Important Elements 


Name 

Symbol 

Name 

Symbol 

Aluminum 

Ai 

Neon 

Ne 

Argon 

A 

Nickel 

Ni 

Arsenic 

As 

Nitrogen 

N 

Calcium 

Ca 

Oxygen 

0 

Carbon 

C 

Phosphorus 

P 

Chlorine 

Cl 

Platinum 

Pt 

Copper 

Cu 

Potassium 

K 

Gold 

Au 

Radium 

Ra 

Helium 

He 

Silicon 

Si 

Hydrogen 

H 

Silver 

Ag 

Iodine 

I 

Sodium 

Na 

Iron 

Fe 

Sulphur 

S 

Krypton 

Kr 

Tin 

Sn 

Lead 

Pb 

Tungsten 

W 

Magnesium 

Mg 

Xenon 

Xe 

Manganese 

Mn 

Zinc 

Zn 

Mercury 

Hg 




Compounds are different from the elements composingthem. 
One very important thing to understand about compounds is 
that they are never just like the individual elements of which 
they are composed. For example, water is a liquid, but is 
produced by the union of two invisible gases, hydrogen and 
oxygen. No one would ever guess that water can be made by 
the uniting of two gases, and yet this is an experiment that can 
easily be performed in a well-equipped laboratory. When a 
candle burns, water is produced, which is ordinarily invisible 
and in the form of vapor. It is made by the uniting of the 
hydrogen which was in the candle with some of the oxygen of 
the air, 

Carbon dioxide is a gas that may readily be made by causing 
a solid substance, such as charcoal, which is carbon, to unite 
with the gas, oxygen. The new gas, carbon dioxide, is very 
different from the oxygen which helped to make it. For ex¬ 
ample, carbon dioxide will extinguish a fire and will turn lime 
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water milky, whereas oxygen makes it possible for a fire to 
burn and will not act upon lime water. 

Elements may combine with each other. In the production 
of carbon dioxide by a burning candle, burning wood, paper, 
etc., this gas is formed as the result of the uniting of some 
oxygen from the air with some carbon that was present in the 
burning material. These two elements are brought together 
and mark to combine through the influence of the heat of the 
flame. 

Carbon dioxide cannot be made simply by mixing carbon 
with oxygen any more than water can be formed by merely 
stirring up some oxygen with hydrogen. In producing these 
compounds, there must be some agent to make the elements 
come together and unite. In the case of water, the combina¬ 
tion may be effected by means of an electric spark; in the case 
of the carbon dioxide, by the agency of heat, If elements are 
simply mixed together as in the air, but no real chemical union 
occurs, the different parts composing the mixture retain their 
characteristics. Thus, it is because the oxygen of the air is not 
combined but simply mixed with the other gases that it retains 
the power of helping to make things burn. However, things 
will not burn as easily or as rapidly in the air as in an atmos¬ 
phere of pure oxygen. 

Physical and chemical changes. The processes by which 
new compounds are made from substances quite unlike them 
are examples of chemical changes. A chemical change is one 
[in which elements are rearranged to produce one or more new 
- substances. Chemical changes are going on all around us every 
day. 

, -Other changes are constantly taking place which do not 
result in the formation of any different substances. Water 
changes to ice, but the ice can melt again to water. The 
moisture in the air condenses in a cloud and falls to the ground 
asiain, Such changes are called physical changes. A physical 
change is one in which there is no chemical change or rearrange ■> 
ment of elements. 
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The Relation between Air and Fire 

B. TEE RELATION BETWEEN AIR AND FIRE 

Problem 4 : Is an air-supply necessary for burning? (Home or 

Class.) 

Directions: In two wide-mou tiled jars place burning candles. Over one 
of the jars place a glass plate. What happens? 

(Note: Other substances besides candles may be burned.) 

Conclusion: Is an air-supply needed for burning? 

1 Questions: 

I. Why will a burning match go out if you cover it with your foot? 
3. Why should a woolen rug be wrapped around a jicrson whose 
clothes have caught fire? 

3. Why must wood be arranged loosely in order to bum well? 

4. When should the drafts of a stove be opened? 

Problem 5: What substances are produced when a candle burns? 

(Pupils. At home or in school.) 

Directions: 

Part 1: Place a burning candle in a covered jar. After the candle has 
gone out pour in some lime water. What substance was formed by the 
burning candle? 

Part 2: Above a burning candle hold a cold piece of glass for a mo* 
ment. Examine the glass. Can you find any drops of moisture? 

Conclusion: What are two substances produced by the burning caudle? 

Problem 6: What substances are produced when a piece of wood 
burns? (Pupils.) 

Directions: Follow the directions as given for the candle. 

Conclusion: What are your conclusions? 

Problem 7: What substances are produced when illuminating gas 
bum? (Pupils.) 

Directions: 

Part i: Invert a wide-mouthed jar over a lighted Bunsen burner or a ’ 
gas-jet for a few seconds. Pour some lime water into the jar, What sub¬ 
stance is present? 

Part 2: Find out what forms on a glass plate held over the flame. 
Can you explain why this is not found in a room where gas has been 
burning? 

Conclusion: What are your conclusions? 
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Problem 8: What is the relation between temperature and burning? 

(To be performed by teacher.) 

Directions: 

Part i: Place a small piece of phosphorus (Caution! Do not touch!) 
on a pan. Apply heat under the pan. What is the result? 

Part 2: Put a small amount of sulphur on a similar pan and apply 
heat as before. Does the sulphur burn as readily as the phosphorus? 

Part 3: Place a small piece of wood on a similar pan and apply heat 
underneath. Does the wood burn? 

Part 4: From a small piece of phosphorus on a j>an pour out a line ol 
sulphur extending to a splinter of wood. Gently heat the phosphorus 
What happens? Does this experiment help you to understand the, 
principles involved in the use of matches? 

Summary: Do these four substances burn at the same temperature? 
What uses are made of this principle in everyday life? 

Problem 9: What is spontaneous combustion? ( Teacher's experi¬ 
ment) 

Directions: Place in a beaker about a tablespoonful of carbon disulphide, 
and dissolve in it a piece of yellow phosphorus the size of a pea. Dip 
into the liquid a piece of cotton cloth about an inch wide and eight or 
nine inches long. Lift it out with tongs, and hang it on a ring-stand, 
(Caution! Keep away from a flame!) Watch the cloth for a few 
minutes. In considering what happens, remember that phosphorus has 
a low kindling point. 

(Note: The kindling point of a substance is that temperature to 
which it must be raised for it to burn. Iron has a high kindling 
point.) 

Conclusion: Explain what happens. 

A fire needs air, Any boy who has made a bonfire knows 
that in order to make it burn well there must be a direct flow of 
air upon it in other words, a draft. When we wish to in¬ 
crease the. heat of the fire in the stove or furnace, we let in 
more air by opening the damper. When a fire is burning in the 
fireplace and we wish to make it burn more brightly, we may 
use a bellows to blow air upon it. This principle of fanning the 
ame to increase the heat is used in the huge blast furnaces in 
which iron ore is melted. Such furnaces attain a very high 
temperature. 

Why does fire need a supply of air? In order to answer this 
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question let us inquire: (l) What is in the air which makes fires 
possible? (2) What happens to the air as a result of the burn¬ 
ing? (3) What happens to a thing when it burns? 

In the first section of this project you have discovered the 
answer to the first question. What is it? 

Burning decreases the amount of oxygen in the air. By 
experiments you have determined that oxygen is the gas 
needed by fires to keep them burning. You have also discov¬ 
ered that this gas is used up when it supports combustion , or, in 
other words, helps to make things burn. Just what we mean 
by saying that the oxygen is "used up" will be explained later. 
For the present we will simply state that as a result of burning 
the amount of oxygen in the air is decreased. 

New substances called “ oxides” are produced by burning. 
From your experiments you have learned that when anything 
burns, it unites with oxygen. As a result, new compounds are 
formed. Carbon, for example, when united with oxygen, forms 
the gas carbon dioxide. Hydrogen combined with oxygen 
forms water. The yellow phosphorus forms by its union with 
oxygen the white powder, which chemists call phosphorus 
pentoxide. Sulphur and oxygen form the suffocating gas sul¬ 
phur dioxide. All of these cases are examples of oxidation. 

Oxidation. Oxidation is the uniting of oxygen with some 
other substance. We have so far noted the fact that oxygen 
may combine with carbon or with hydrogen, but there are also 
other elements with which it readily unites. Some of these 
are iron, phosphorus, sulphur, and magnesium. One is more 
apt to hear about the union of oxygen with carbon and hydro¬ 
gen than with other elements because all the common kinds 
of fuel — coal, wood, oil, and gas — contain these elements, 
carbon or hydrogen, and when they burn, the formation of 
carbon dioxide and water is one of the results. 

A great variety of substances may combine with oxygen, and 
the results of this process are alike in two respects: (1) heat is 
produced, §md (2) a compoimdiSTfiade. This compourfi may 
be a liquid such as water, a%qKfcbuch asi&on rust, such 

as carbon dipxide. . 4 r TnK T 
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. . dation , We have just noted one way in which i 
Bads of o g var [ eS| namely with respect to the lands ' 
the oxidat j°^ hat ^ be oxidized. Another way in which this 


of mai 


varies depends upon the amount of time that it may 


process van oxidation is often spoken of as rapid or alow, 
take, l n “ ’ ces such as rotting wood and rusting iron are 
Decaying s ^ Ration. Generally speaking, where light 
exa f‘ p es - s 0[ e the oxidation is referred to as raj/td; but where 
' \ iMt Produced, whether perceptible at not, it is called 

■■T"rSuiSZ, fa called combustion. W. si,mil,Inot 
f" t however that in both cases except for the matter of 


/ . Spontane 1 ^ a ^ re wa8 gupposed to have been started by 

Saneous combustion. You have already seen the term 
;, F m t, ust ion.” Spontaneous means self-acting. So if a fire 
tarts itself, it results from spontaneous combustion. In 
rT blem 9 you saw this illustrated. Under certain conditions 
;: j 8 J a nger from it in the home. Paint contains an oil 

which when exposed to the dr slowly oxidizes. There is no 
danger in painting or in leaving a paint can open because the 
heat resulting from the oxidation escapes easily. But if a pile 

■ of oily rags or waste is left in a confined space or where there is 
little circulation of air, the heat from the slow oxidation of the 
oil cannot escape easily. Therefore the temperature of the 
rags rises- This rise in temperature hastens the oxidation 
which causes a still higher rise in temperature. At last the 
-kindling point may be reached, and the rags burst into flame, 

■ If. grass cuttings are piled against the house or garage, spon¬ 
taneous combustion may occur, and set fire to the building. 

: Slow oxidation. Suppose that the paper composing this 
page should burn. It would only take a few seconds and quite 
a'little heat would be given off. , Now, let us suppose that 
■ instead of burning this page, we allow it to undergo the usual 
' alow process of decay. After many years nothing will be left 
but', ashes. All this time heat will be given off, but because 
the process is so long drawn out, it is impossible at any one 


combustion. You occasionally read in the 
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instant to feel the heat coming from the paper. At the end of 
the process, after there is nothing left to be oxidized, the 
amount of heat produced will exactly equal the amount which 
might have been given off had the paper burned in a few 
seconds. The quantity of ashes also will be the same in both 
cases. 

The presence of water vapor in the air hastens the process of 
slow oxidation. For example, iron rusts and rocks and wood 
decay more quickly when moist. If we do not want iron to 
rust, we prevent the air from coming in contact with it by 
covering it with some substance like paint, grease, stove polish, 
zinc, tin, or nickel. 

Oxidation helps us work. One of the results of oxidation is 
the liberation of energy. By energy, we mean the power to do 
work. An illustration will make our meaning clear. The 
f steam engine depends upon the burning of fuel for its power or 
energy. The fire in the fire-box causes the water to change 
into steam in the boiler; the expansion of the water into steam 
is used to make the piston move, which in turn makes the 
wheels revolve. Thus in the case of the steam engine, the 
cause of the activity can quite readily be traced back to oxida¬ 
tion. As we shall find in the next chapter, this is not only 
true among non-living things such as machines, but it is also 
true that the activities of all plants and animals are directly 
dependent upon the slow oxidation which occurs within them. 

Matches. Although carbon unites with oxygen quite 
readily, there are some things which unite with it even more 
rapidly and at lower temperatures. One of the primitive ways 
of starting a fire was to rub pieces of wood together until the 
friction produced enough heat to make a spark from which a 
fire might be kindled. Another method that was until recent 
times quite generally used by every one was to strike flint, a 
kind of hard rock, upon steel, thus producing a spark in some¬ 
what the same way that a spark is produced in a cigar lighter. 
In the seventeenth century it was found that sulphur could be 
used to save time in making fires: (l) because it ignites at a 
lower temperature than wood, and (2) because "it produces 
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enough heat when burning to ignite wood. It was not until 
1823, however, that the “parlor match" was manufactured. 
The matches of to-day usually contain phosphorus. This ele¬ 
ment unites with oxygen at a considerably lower temperature 
than sulphur, so that its use helps to start the oxidation when 
just a little heat is generated by friction. All that is necessary 
to ignite such matches is to ''strike 1 ' them upon something. 
The friction produces enough heat to cause the oxidation of the 
phosphorus and the heat thus produced in turn starts the 
sulphur burning and finally the wood itself. 



_ Figs. 31,32, A Boy Scout making fire 
inven“cnTSe^ ilnitiVe Way ° £ making fire ’ commonl y ^ before the 


Yellow phosphorus is a deadly poison. But phosphorus 
exis ao in another form, red in color and non-poisonous, It 
has a somewhat higher kindling point than yellow phosphorus. 

“* ““" triea prohibit the ““ 01 


Ordinary friction matches of 
ture containing phosphorus in a 


to-day are tipped with a mix- 
non-poisonous form, powdered 
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glass, and glue to hold the mass together. When such matches 
are rubbed on a rough surface, the heat of friction heats the 
phosphorus to its kindling temperature, t 

In the so-called '‘safety matches,’’ there is no phosphorus 
in the head, but the material upon which they must be struck 
in order to be ignited contains it in a modified form. The in¬ 
vention of matches has resulted in a great saving of time and 
labor. 

Matter may change its form but cannot be destroyed. The 
world in which we live and the things in it are constantly 
changing. Nothing remains just as it is or has been; not even 
the hardest rocks on the surface of the earth are everlasting, 
The most common cause of changes in matter is this process 
which we have been studying — oxidation. 

Suppose some uninformed person had performed the experi¬ 
ments referred to in the beginning of this project. He would 
very likely have come to wrong conclusions about them. He 
might have supposed, for instance, that when oxygen is used to 
help something burn, it actually goes out of existence. We 
know that this is not true. We know that oxygen under those 
conditions enters into what is called a 11 chemical combination" 
with another element, thus forming a compound. Here is a 
case where apparently something goes out of existence, but does 
not actually do so. It furnishes an illustration of one of the 
fundamental laws of nature which is so universally true that 
scientists have formulated it into a principle or law called the 
law of the indestructibility of matter. This law states that, 
although matter may be made to change its form, it cannot really 
be destroyed. For instance, a house may be burned down. 
Its form may be destroyed, but the elements of which the house 
was composed are still in existence. 

Matter cannot be created. Another wrong conclusion that 
might be drawn from our experiments is that carbon dioxide 
comes into existence from nothing. We have seen that this is 
not true. Just as mailer cannot really be made to go out of 
existence , so it is likewise true that matter cannot be made out of 
nothing. To put these ideas into slightly different language, it 
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is true that as far as man's knowledge extends, there is just as 
mu c h matter in the universe to-day as there always has been, - 
■and as far as we can see there will never be any more or any 
less than there is now. 

But while matter cannot be created out of nothing, yet it 
' has recendy been found that new elements are created out of 
other elements which are breaking up. It was long thought 
that elements could not be broken up. Wc now know that 
certain elements are doing so all the time of their own accord 
and at a rate which at present we can neither hasten nor retard. 
■This breaking up process we call radioactivity. One of these 
radioactive substances is radium. In its breaking up it pro- 
duces enough heat to keep it at a temperature several degrees 
warmer than the substances around it. The final products' 
O'.;, of.the disintegration of radium are helium and lead. 




. ;J : C. HOW TO PUT OUT FIRES 

Problem io: To make and use a model of a fire-extinguisher . 

(Class.) 

Directions: Arrange an apparatus as shown in the diagram. The jar 
contains a solution of sodium bicarbonate. The 
vial (v) contains sulphuric acid. Upset the vial 
by tilting the jar. When the gas is escaping let 
the apparatus play upon a small bonfire made 
in a pan upon the demonstration table. 

f t If the fire is not too large and the flow of gas 

'• r v is good, what results do you obtain? Explain. 


Problem 11 : To demonstrate the use of afire- 
extinguisher. (Class.) 

Directions: Build a bonfire, not too large, outside 
the school building. Take a fire-extinguisher, 
and, following directions, let it play upon the 
fire. What is the result? Explain. Refill the 
extinguisher. 

Ires. 



Fig. 33- A model of 
a fire-extinguisher 


m co. Since a fire depends upon a supply 
oscygen, a fire may be put out by cutting off the supply of ox; 
gen. Many of the ordinary fire-extinguishers are made : 
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such a way that when' operating they will produce carbon 
dioxide in sufficient quantity to smother the fire. 

A very common method of putting out a small fire, as when 
a person’s clothing has caught fire, is to throw a heavy blanket 
over it. This usually produces the desired result by shutting 
off the oxygen supply. If a person whose clothes are burning 
attempts to run, the blaze is apt to increase. Can you explain 
why? 

The reasons why an application of water usually puls out a 
fire are that it makes a coating which shuts off the oxygen, 
and that it cools the burning substance. An oil lire cannot l>c 
put out with water because water will not make a coating over 
oil, but instead the oil floats on top of the water and continues 
to bum. Sand, or some such substance is often used, as it 
shuts off air from the burning oil. Foam-blanketing fire-ex¬ 
tinguishers, described below, are useful in putting out oil fires. 

Kinds of fires. Records show that fire causes the loss of 
15,000 human lives every year, while the property losses from 
it in the United States are now nearly $500,000,000 a year. 
The great fire insurance companies, in their underwriters' 
laboratories, have classed all fires, when they begin, in three 
groups, as follows: 

Class "A" fires may be defined as those in ordinary com¬ 
bustible materials where the “quenching" and cooling effect 
of quantities of water is of first importance. 

Class "B" fires may be defined as those in small quantities 
of inflammable liquids, greases, etc., where a “blanketing" 
effect is essential. 

Class "C" fires may be defined as those in electrical equip¬ 
ment, where the use of a "non-conducting" extinguishing liq¬ 
uid is of first importance, 

Fire extinguishers. If the fire is just starting, it may usually 
be extinguished by the use of a small portable fire-extinguisher. 
Several different kinds are in general use. 

The "soda-acid" fire-extinguisher is shown in figure 54, 
page 58, It contains a soda solution and a small bottle of 
sulphuric acid. When the extinguisher is inverted, the add 
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flows out of the bottle and unites chemically with the soda, 
producing a large quantity of the gas carbon dioxide, which 
forces the liquid out. The fire U 
quenched by the cooling effect of 
the liquid, which is largely water. 

The " foam-blanketing ” fire-ex¬ 
tinguisher is fitted for use in fighting 
oil fires. Licorice or some such 
material is added to the soda solu¬ 
tion. When the carbon dioxide is 
generated.it bubbles through the 
sticky solution and forms a mass of 
'‘foam," which floats on the surface 
of the burning oil and prevents the 
'air from reaching it. 

The “non-conducting” fire-extin¬ 
guisher usually contains the liquid 
called carbon tetrachloride. This 
liquid turns to a gas very readily, if 

Kg. 34. A ‘'soda-acid” the P re98Ure is amoved. The gas, 
fire-extinguisher being heavier than air, drops to the 
In A the sulphuric acid vial floor level. The gas is a non-con- 

MlntSTand tstasely.eto£ du > ctor of electricity, and is therefore 

lired vrith a lead stoppeif. B suitable to use around electric equip- 

anows the result of inverting_. . . . , 

the extinguisher. me nt, in automobiles and motor 

boats. An example isthe " fire-gun." 
Fire prevention. Even more important than extinguishing 
fires is preventing them. Architects, engineers, gas companies, 
heating' appliance companies, insurance companies, motion 
picture producers, associations of paint manufacturers, dyers, 
and cleaners, and hundreds of other agencies have united 
for the purpose of helping to prevent fires. City and town 
governments and civic agencies sometimes carry on campaigns 
to stir the people to the danger to life and property from 
fire. Fire Prevention Weeks have been organized. In indors¬ 
es, the efforts to prevent fires President Hoover has said: 
Fire losses are in effect a tax on every man, woman, and child 
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in the United States. This is one case where the ‘tax payers’ 
entirely by their own efforts, can reduce the rate. I hope we 
shall have no slackers in this campaign.” Can you explain 
why fire prevention reduces tax rates? Every one who buyB 
anything helps pay fire losses, The manufacturers and sellers 
of goods charge enough for what they produce and sell to 
make a profit after paying fire insurance premiums among 
other expenses. No one is free from the responsibility of help¬ 
ing fire prevention. Over 60 per cent of all fires are in homes. 
Of all fires caused by electricity over 35 per cent resulted from 
■carelessness in the use of the electric flatiron. Over 30 per cent 
of the deaths and 13 per cent of the injuries resulting from fires 
were those of children less than ten years old. 

Fires can be prevented by removing all fire hazards, by care 
in the use of matches, by making buildings more fireproof, and 
by improving fire and water supply departments. It recently 
has been proved that forest fires can be started by smouldering 
cigarettes dropped from airplanes. In 1928 the damage to 
forests by fire amounted to more than $80,000,000. That 
fire prevention campaigns are worthwhile is shown by the fact 
that in nearly four hundred cities where fire prevention has 
been emphasized the fire loss per capita has been reduced from 
nearly four dollars,in 1925 to $2.35 in 1928. Make a report 
on fire losses and fire prevention efforts in your city or town. 

REVIEW OUTLINE 

FIRE IN ITS RELATION TO OUR LIVES 

A. What the air is made of 

Gases in the air 
Elements and compounds 

a. Symbols of some elements 

b. Differences between elements and compounds 

c. How elements combine with each other 

(1) Physical and chemical changes 

B. The relation between air and fire 

1. Why a fire needs air 

2. How burning affects the amount of oxygen in the air 

3. Formation of oxides 
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4. Oxidation 

а. Definition 

б. Kinds 

(1) Combustion 

(2) Spontaneous combustion 

(3) Slow oxidation 
c. How it helps us work 

5. Matches 

6. The law of the indestructibility of matter 

a. Radioactivity 
C. How TO PUT OUT FIRES 
1. Kinds of fires 

a. How to extinguish each kind 
;. 2. Fire-extinguishers 

3. Fire prevention 


‘ ' INDIVIDUAL PROJECTS 

> 

Working projects: 

jV-.jh Make a collection of elements, to demonstrate to the class. Con- 
■:", suit the table on page 47, dnd gather together, either from home or 
/,from the school supplies, as many elements as possible, 

. .. 2. Make a collection of compounds, Show whenever possible the ele- 
{. ?, ments from which they are formed. 

, f' 4 .- Make a collection of the forms of carbon, 

1 ij Fundamentals of Cltemistry (pp. 173-76), Gray, Sandifur, and 

,j' ' Hanna. Houghton. 

ji-ll'ifciM'ake a collection of oxides , that is, substances composed of oxygen 
fe,' k- united with some other element. Iron rust is iron oxide. Many 
' ores are oxides. See a chemistry textbook. 

. 5. A Boy or Girl Scout may demonstrate how to make a fire without 

matches. 

■ 6,-Demonstrate the construction and use of a different kind of fire- 
extinguisher from that used in problem 10. Write to the manu¬ 
facturer for information. 

7. Make a collection of news items about fires. Find out when 
possible the cause and the amount of the loss. 


I. How matches ate made, 

Boys and Girls Bookshelf (vol, 12, pp, 68-70). University. 

Great Inventions and Discoveries (pp. 169-76), C. Piercy. Merrill, 
, ™ ss Made (pp. 46-59), A. Williams. Nelson. 

Maker, of Many Things. E, M, Tappan, Houghton, 

Secret of Everyday Thngs (pp, 109-12), J. H. Fabre. Century. 
Stones of Useful Inventions (pp. 3-12). S. E. Forman. Century. 
Sweden and Safety Matches, in Europe, by N. B. Allen. Ginn. 
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Books That Will Help You 

2. History of firemaking. 

The Origins 0} Inventions (pp, 84-120), 0 , T, Mason. Scribner. 
Stories 0} Useful Inventions. C, Piercy. Merrill, 

3. The work of a fire department. 

Visit the fire department headquarters in your community and find 
out as much as you can about the equipment, etc. 

Careers of Danger und During. C. Moffett. Century. 

The Romance 0} Modern Mechanism. A, Williams. Lippincott. 
Town and City (pp, 68-78). F. G. Jewett. Ginn. 

4. Interesting facts about nitrogen. 

Air, Water, Food. Richards and Woodman. Holt. 

Fmtkmcnials of Chemistry (pp, 53,572-74), Gray, Samlifur, and 
Hanna. Houghton. 

5. Early theories of lire, 

How the World is Housed (pp. 257-70). F. G, Carpenter. Ameri¬ 
can. 

The Romance of Samge Life (pp. 154-62), G. F. S. Elliott. Up- 
pincott. 

6. What Lavoisier's work has meant to the world. 

Achievements of Chemical Science (pp, 32-36). J. C. Philip. 
Macmillan, 

7. Sir Humphrey Davy and his safety lamp, 

Historic Inventions (pp, 126-39), R. S, Holland. Macrae. 


BOOKS THAT WILL HELP YOU 

Avoidance of Fires. A. D. Weeks, Heath. 

Boys' Book of Chemistry. C, R. Clarke, Dutton. 

The Flame Fiend. H. Jameson. Ailyn, 

The Romm of Modern Chemistry. J. C, Philip. Lippincott. 
Wonder Book of Chemistry, J, II, Fabre, Century. 
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AIR AND BREATHING 

All plants and animals breathe, Did you ever think what a 
remarkable thing it is that as long as we live, whether awake 
or asleep, air'is made to pass into and out of our bodies about 
sixteen times every minute? What a wonderful adjustment 
our bodies show in that we do not have to think about breath* 
ing in order to perform this extremely necessary act! 

Breathing is so necessary to life that it begins as soon as we 
are born and continues as long as we live. Certain wild ani* 
mala can go without eating for weeks and yet live; for example, 
woodchucks and bears go to sleep in the fall and sleep straight 
through the winter without eating a mouthful. This is called 
" hibernating.” If they are buried under the snow, their warm 
breath melts a small opening through the snow, and this allows 
air to reach them. In the spring these animals awaken in good 
condition especially if they were fairly fat before they began to 
hibernate. On the other hand, if any bird or animal is shut up 
so that absolutely no air can reach it, breathing must stop and 
life must cease. If a man should by accident get locked into an 
air-tight place like a bank-vault, he would begin to suffocate in 
a very few minutes; and unless he could be released death 
would soon follow. 

Every one knows that one way of telling whether an animal 
is alive or dead is to find out whether it is breathing. All plants 
that are actively alive breathe, using oxygen just as animals do. 
As we study this subject we shall want to find out about the 
wonderful arrangements nature provides in order that breath¬ 
ing may be carried on. We shall study especially about the 
breathing organs of the human body. You will probably also 
wish to learn what some of the special sciences teach about the 
breathing of other creatures, Biology, the study of life, in¬ 
cludes the study of all living creatures—plants and animals. 
The latter include man, 
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THE PROBLEMS 

A. On how living things breathe. 

1. How does exercise affect the rate of breathing? 

2. What is the temperature of the human body? 

3. Is carbon dioxide given off in breathing? 

4. Is water vapor given off in breathing? 

5. Does a fish give off carbon dioxide? 

6. Do germinating seeds use oxygen? 

7. Do germinating seeds give off carbon dioxide? 

B. On the structure of living things. 

8. To examine cells under the microscope 

9. To see the cells in the blood. 

C. On the breathing organs of living things. 

10. How does a fish breathe? 

XI. How does a plant breathe? 

12. How does a person breathe? 

13. What is my chest expansion? 

14. How is artificial respiration produced? 


A. HOW LIVING THINGS BREATHE 

Ptoblem 1: How does exercise affect the rate of breathing? (Pu 
pils.) 

Directions: First determine the rate of breathing while sitting quietly 
without having taken any exercise immediately preceding tile exited- 
ment. Count the number of breaths taken in a minute while breathing 
naturally. Exercise vigorously for a few minutes and then again count 
the number of breaths. 

Conclusion: How does exercise affect your rate of breathing? 

Problem 2: What is the temperature of the human body? (Home.) 

Directions: Place a physician's thermometer under the tongue and let it 
remain there for two or three minutes. Then examine it to find to what 
point the mercury has risen. 

Questions: 

I. What is the temperature under the tongue? 
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2. Is this higher or lower than the temperature of the air in the room? 
If higher, how do you account for the difference? 

Problem 3: Is carbon dioxide given off in breathing? (Pupils.) 
directions: 

Part x: Breathe for a few moments through a tube into a small quun¬ 
ity of lime water. Examine the lime water. 

Questions: What is indicated by the result of this experiment? Does it 
prove that the body gives off carbon dioxide? 

Fart 2; By means of an atomizer force air about equal in amount to 
that which was exhaled through a similar quantity of lime water. Com¬ 
pare the appearance of this lime water with the appearance of the lime 
water through which the breath has been forced. 

Questions: Is there any difference in the appearance of the lime water 
treated in the ways indicated? Which is the more milky? 

Conclusion: Are you justified in concluding that the body gives off 
carbon dioxide? Explain. 


Problem 4: Is water vapor given off in breathing? (Pupils.) 

Directions: Breathe upon a cold piece of glass. What is formed upon 
the glass? Where did it come from? 

Conclusion: What is your conclusion? 


Problem g: Does a fish give off carbon dioxide? (Class.) 

: directions: For a few moments leave a living fish in a small quantity 
of lime water. 

J-fDqes the appearance of the lime water change? If so, what does it 


fSS 1 ■ 1 ,;i '■ 1 

,In what way is a fish’s breathing similar to our own? 

Picblgm 6: Do germinating seeds use oxygen? (Class.) 

, Directions: Soak twenty or thirty seeds, such as kidney beans or peas, 
"'^^Wht. Place them in a stoppered flask with a little water. The 
■/ $|$Sr should not cover the seeds. Place the flask in a moderately warm 
, place for three or four days. 

"Remove-the stopper from the flask and insert a burning splinter. 
■ .What happens? 


Questions: 

1. What does the result of the experiment indicate? 

2. Do plants, when they breathe, use the same gas that animals use? 
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Problem 7: Do germinating seeds give off carbon dioxide? (Class.) 

Directions: Start twenty or thirty seeds —kidney beans or peas are 
satisfactory — germinating in sawdust or upon moist blotting-paper. 
After sprouts appear, trans¬ 
fer them to a flask with a 
stopper having two holes. 

Into one of the holes place 
a bent glass tube with an 
atomizer attached. Into the 
other hole insert another 
bent tube. 

Remove the stopper from 
the flask and let the seeds 
continue to germinate for 
two or three days. 

Insert the stopper with . . 

the attachments into the mouth of the flask, as shown 111 the diagram, 
and let the apparatus stand for a half-hour. Squeeze the bulb of the 
atomizer, thus forcing air in and out of the flask. Let the air which 
conies out pass through lime water. 

iJkthe'lime water affected by the air which was in the flask? 

2. What do you conclude from the results of this experiment? 

3! Do plants in breathing give off the same gas that animals do? 

4, It has been found that seeds, even when not germinating, give off 
small quantities of carbon dioxide. What is the meaning of this 
fact? 


Fig. 35. An experiment to show what 
sprouting seeds breathe out 


Activity in relation to the rate of breathing. There are some 
living things that are inactive during certain seasons. Bears 
and snakes are examples of animals that hibernate or go into a 
kind of sleep during part of the winter. Still lower forms of 
plants and animals may actually be frozen and then afterwards 
thawed out to become actively alive again. Such living things 
during their periods of inactivity breathe very little. We can 
conclude, therefore, that there is a connection between the rate 
of breathing and the amount of activity of the living being. 
When there is an. extra amount of activity the breathing be¬ 
comes faster. For example, when you run you breathe faster 
and more deeply than when you walk. 
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Heat production hi relation to the rate of breathing. Rapid 
breathing and an increased production of heat generally go 
together. By using a physician's thermometer you will find 
that your body temperature under the tongue is about ninety- 
eight and three-fifths degrees, Fahrenheit. This is usually 
. considerably warmer than the surrounding air. What do you 
suppose causes this body heat? Read again the material on 
pages 51—53 about oxidation and heat. Slow oxidation goes 
on in all living things although usually at a lower temperature 
than in the case of the human body. 

Air that we breathe in. We breathe the air that surrounds 
l-us, whatever it may be. Usually the air, exclusive of the 
Water vapor which is also always present but in varying quan- 
titles, consists of about eighty per cent nitrogen, about twenty 
, per cent oxygen, and three hundredths of one per cent carbon 
, dioxide. (See page 45.) 

* Air that we breathe out Our problems have shown that the 
; air breathed out is different in two respects from the outside 
air. It contains more carbon dioxide and water vapor. It 


has also been deprived of some of its oxygen. It still contains 
about eighty per cent nitrogen. Experiments allow that the 
oxygen has been decreased from approximately twenty per 
,c«ht to about sixteen per cent, while the carton dioxide has, 
increased from considerably less than one per cent to about 
four per cent. At the same time there is usually an increase 
in the amount of water vapor, 

Breathing of plants. Plants as well as animals breathe. 
They make use of the same gas that animals use and also give 
off the same gas that animals give off. Perhaps you have 
heard the opposite of this; namely, that when plants breathe 
they take in carbon dioxide and exhale oxygen. No plant ever 
iidthis as a result of breathing , Green plants, however, take in 
car bn dioxide and give off oxygen as the result of an entirely 
different process, which we shall learn about later. Let us 
clearly recognize these two facts, and not confuse this other 
process with breathing: (1) All living things breathe; (2) when 
they breathe, all take in oxygen and give off carbon dioxide. 
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B. THE STRUCTURE OF LIVING THINGS 
Problem 8: To examine cells under the microscope. (Pupils.) 

(Note: In this problem you will use cells from your own body as an 
example of animal cells, and cells from an onion as an example of 
vegetable cells.) 

The slides snould be prepared 
by the teacher, but each pupil 
should have the opportunity of 
examining the cells. 

Directions: With a clean scalpel 
gently scrape off some of the 
cells from the inside lining of the 
cheek. Also scrape off a little of 
the thin skin of one of the inner 
layers of an onion. 

Examine by means of the com¬ 
pound microscope. Do the cells 
vary in shape? How many di¬ 
mensions has a cell? How many 
does it appear to have? Why? 

In some of the cells can you see 
the nucleus, a part usually near 
the center of the cell and darker 
than the rest? Describe the cell 
•wall around each onion cell. 

Can you see the colorless living 
matter inside the cells? 

Stain some of the specimens with iodine and examine again. Can 
you now see the nucleus more distinctly? ■ 

Summary: 

1. What are the main parts of a cell? 

2. Why are the cells called units of structure of living things? 

Problem 9: To see the cells in the blood. (Pupils.) 

Directions: A blood smear may be made by pricking the finger with a 
sterilized needle. It is unnecessary to secure even as much as a single 
drop of blood, Put the blood upon one end of a slide. By using an¬ 
other slide make a thin line of blood and then proceed to spread out 
this blood by drawing the last-mentioned slide over the one upon which 
the blood was placed, 

The slide thus prepared will dry immediately and needs no cover- 
glass, Examine under the high power microscope. If the slide was 



Fig. 36. A thin piece of onion 
skin stained with iodine and placed 
under the microscope 
N, nucleus; P, protoplasm; W, cell wall. 
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properly made it will be possible to find places where individual cells 

ma (If'frog^bWis available, it may be substituted for human blood or 
the two may be used for purposes of comparison.) 

5 T*Can you Qut the shape 0 f t j, e re d corpuscles? Describe. 

. Are the red corpuscles red when examined singly or in small 
• ’’ ,*• groups? Can you explain why this is so? 

’’ .,2;: Can you see any white corpuscles? Compare them in size and 
i appearance with the red corpuscles. 

A The h uman body a machine, A machine is a device for 
dp|sg .work. A healthy person can accomplish useful work. 
Therefore, in a very true sense the human body is a machine. 
One of the most important parts of this machine is that which 
has to do with breathing. If the breathing organs refuse to 
work, the machine itself is useless. Many owners of automo¬ 
biles know how to run their machines until an accident hap¬ 
pens, and then, because they do not understand the structure 
and working of the parts, they are helpless to make repairs. 
Perhaps a little knowledge rightly applied would adjust the 
disordered mechanism in a moment. A similar state of affairs 
holds true regarding the human body except that instead of 
relatively only a few people owning this machine, every one has 
been given a model to look after. Yet some people never take 
the trouble to study even a little about the structure and action 
< of the most vitally important parts of their own bodies. Con- 
' sequently, there are liable to occur breakdowns in the form of 
/illness which a little applied knowledge might in many cases 
/easily; have prevented. A large proportion of sickness is due 
'. to ignorance. A knowledge of physiology, the study of the use 
or functioning of the different parts of the body, together with 
a knowledge of hygiene, the study of its care, is fundamentally 
important. Just as one needs to know about the structure of 
an automobile before he can intelligently take care of it, every 
i hoy snd girl ought to know something about the structure of 
the body. 

, ' Cells — the building units of a living body. When we look 
at a brick wall from a distance, we can see the wall, but not the 
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separate bricks. As we approach it, the separate units that 
make up the wall can be seen. A living body may be com¬ 
pared to a brick wall. We cannot see the separate units, the 
cells , unless we magnify them 
with a microscope. Then 
we can see their marvelous 
structure, 

The parts of a cell. The 
most important part of any 
cell is the living part, which 
seems to be a kind of jelly, 
with little granules and 
threads in it. The name 
given to this living matter is 
protoplasm. Cells are of 
hundreds of different shapes 
and sizes. Plant cells have 
around them a wall, which is 
not itself alive. The mate¬ 
rial of the wall is like cotton; 
indeed, each little fiber of 
cotton is a cell wall. This 
cell wall is made of cellulose, 
a substance manufactured g ‘ 37 ‘ ^oscopj 1 ” 
by the living protoplasm. Five-sided liver cells. (2) Nerve 
In almost all cells there is a cell with long sheathedI nerveand nerve 
1 1 1 wi endings. (3) culls* I lie protO; 

part called the nucleus. 1 ne p] aBm a nd nucleus have been pushed 

nucleus is the part of the cell to one side by the fat deposited in the 
7 . , , 7 . cell. (4) Muscle cell from the stomach, 

which regulates the hie ac- jj one ( . t ,|| 3i surrounded by Iwny de- 

tivitles of the cell. posit-. W Striated muscle cells. J) 

tt .. Cells in connective tissue, " he cells 

How many cells a living J ve ()Ut a j c ||y.|ike material which 

body contains. Some ani- hardens to a strong elastic mass, 
mals are so simple and tiny 

that they consist of only one cell. Stagnant water may have 
millions of such little animals, all busily living their lives 
together, eating, breathing, and moving. Many plants, too, 
consist of only one cell; for example, yeast and bacteria. 
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Most plants and animals, however, contain many thousands 
of cells. It is impossible to estimate the millions that are in 
a body, every living part of which is made of cells. 

Tissues and organs, When a number of cells of the same 
kind do the same work, we call the mass a 
tissue. We have muscle tissue, for exam¬ 
ple, all made of muscle cells; we have 
bone tissue, blood tissue, nerve tissue, 
brain tissue, and so on. When a number 
of tissues are combined to do a certain kind 
of work, we call the mass an organ. The 
Fig. 38. A drop band is an organ, with its own kind of 

ttroughthe mi- work t0 do - 11 is made of man y tis3Ues 
croscope —blood, bone, muscle, tendon, skin, and 

Showing straw- nerves. 

ffltheS'S Cells in the blood. Perhaps you have 
puscles, and the always thought of the blood as a red liquid. 
Thai cenaXat hi Is alwa ys red? Can you see the veins in 

a colorless fluid the back of your hand? What color does 
called the plasma. ^ blood j n them seem t0 be? 

When you look at a drop of blood through a microscope, you 
can see that there are solid parts in it, some red and some white. 
These are called corpuscles, or "little bodies.” The red cor¬ 
puscles are the most abundant— tiny disks, often piled one on 
top of another. Strangely enough, they are not red at all, but 
a kind of straw color, unless many of them are together, when 
the color looks red. They are floating in the liquid part of the 
blood, which is colorless and is called the plasma. You may 
think of each little corpuscle as a tiny boat with a load aboard 
it floating in the blood stream. The load is oxygen. The 
boats are loaded in the lungs where a fresh supply of oxygen is 
always coming in. Then they pass through the blood vessels to 
the cells all over the body, giving up their load of oxygen where 
it is needed, There are approximately five million of these red 
corpuscles in one small drop of blood. You may think of each 
white corpuscle as a soldier on guard. Their enemies are the 
disease germs which they are constantly fighting. The plasma 
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keeps the blood in a liquid state in order that it may flow read* 
ily; it carries the digested food to the cells; and also carries 
away waste to the kidneys and carbon dioxide to the lungs. 

C. THE BREATHING ORGANS OF LIVING THINGS 
Problem 10: How does a fish breathe? {Pupils.) 

Directions: Watch the mouth 
of a fish in the aquarium. Does 
jt stay closed or does it open 
and shut quite frequently? 

Can you see the little flaps 
or gill-covers at the side of the 
head? Does their movement 
have any connection with the 
movement of the mouth? (See 
diagram.) 

Is there any air in water? 

Does a fish breathe air or 
water? 

Examine the gills by lifting 
the gill-covers. What color 
are they? Does this indicate 
what they probably contain? 

Summary: 

Write in your notebook an 
account of the breathing 
movements of a fish, illustrat¬ 
ing with drawings. 

Questions: Should a goldfish bowl have a small opening? Should it have 
a cover placed over it? 

Problem xi: How does a plant breathe? {Pupils.) 

Directions: Peel off a little of the under surface, or epidermis, of a Boston 
fern or leaf from a plant belonging to the lily family. 

Place the transparent piece of epidermis on a clean glass slide. Add a 
drop of water and a cover glass, anci examine with the compound micro¬ 
scope. 

Find oval spots, scattered over the surface, Can you see that each 
spot is not one cell, but is really a hole in the skin with two l>ean-8haped 
cells around it? The hole is the breathing pore. The two cells are 
called guard cells, because they guard the opening. 




Fig. 39. Breathing organs of a fish 
h, heart; «, artery; v, vein; 15, gills. 
The upper view shows the outside ap¬ 
pearance. The arrows explain how 
water, containing air, enters the mouth 
and passes out at the side of the head, 
after passing over the gills. The lower 
view shows the structure of the gills. 
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Summary: Explain how air can get in and out through the surface of a 
Seal. 

Drawing [optional)-. Make a careful labeled drawing, showing epidermis 
cells, cell walls, breathing pores, and guard cells. 

Problem 12: How does a per¬ 
son breathe'( 

Directions: 

Part 1: To study the parts of 
the breathing tract. [Pupils.) 

Through what passageways 
may the air enter and leave your 
body? 

Locate in your own body the 
parts of the breathing tract 
shown in figure 40. 

By breathing deeply, try to 
find the changes in position of 
the different parts when you 
inhale and exhale. 

By means of the diagram trace 
the course taken by the air on its 
way to and from the lungs. 

Part 2: To study the cause 
of the breathing movements. 
[Class.) 

Fig. 40. Our breathing organs [Note: Although the muscles 

attached to the ribs help to 
produce the breathing motions, the large muscle —the diaphragm 
— separating the chest cavity from the abdominal cavity, does most 
of the work,) 

In order to demonstrate the action of the diaphragm construct an 
apparatus as shown in figure 41, page 73. 

A bell jar with an opening at the top has rubber sheeting fastened 
securely around the larger opening. A rubber stopper with one hole 
has a Y-shaped glass tube inserted with small toy balloons fastened to 
It, as shown in the figure. By pulling the rubber sheeting down and 
then pushing it in, the toy balloons can be made to expand and contract. 
Explain, 

Summary: What part of the apparatus corresponds to the wind-pipe or 
trachea? to the bronchial tubes? to the lungs? to the diaphragm? to the 
Walls of the chest cavity? 
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Questions: 

1. In what respects is the apparatus different from the human breath¬ 
ing apparatus? 

2, In what respects is it similar? 

Problem 13: What is my chest expan¬ 
sion? (Pupils.) 

Directions: By using a respiration appara¬ 
tus determine the number of cubic inches 
that represents your chest expansion. 

Summary: Is your chest expansion above 
or below the average in your class? 

. What can you do to increase your chest 
capacity? 

Problem 14: How is artificial respiration 
produced? (Class.) 

'Directions: Let a pupil lie face down with 
head turned to one side. The teacher 
should then place the palms of his hands 
upon the lower ribs. In order to produce 
an exhalation the instructor should bear 
his weight down upon the ribs. In the case 
of a person who is unconscious, releasing 
this pressure will allow the chest cavity to become larger with the 
result that air will tend to enter the lungs. Why? This should be 
repeated about twelve times a minute. See figure 44, page 78. 

Questions: 

1. What are some of the conditions under which artificial respiration 
should be given? 

2. In case of drowning what should be clone before artificial respira¬ 
tion is applied? 

3. What instrument may be used to produce artificial respiration? 

Breathing in the simplest forms of life. Some animals and 
plants are so simple that they consist of only one cell. Many 
such animals are found in the scum on the surface of stagnant 
water. See figure 42, which is a picture of a pnramcdim, a 
very interesting little one-celled animal which you may set* 
with a compound microscope, (Individual project 4 tells you 
how to find it.) You may watch it under the microscope 



Fig. 41. An apparatus 
to show the action of 
the diaphragm 
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moving about rapidly and taking in food through its gullet. 
You cannot see it breathe, but you may know that it needs air 

because it stays near the surface of 
the water. The oxygen can pass 
directly into the body cell and the 
carbon dioxide can pass directly 
out. There is therefore no need for 
special breathing organs. 

In the same scum there are likely 
to be tiny one-cetled plants, also. 
One of the commonest is a little 
spherical green cell, the pleurococ- 
cus. In its simple body, breathing 
takes place directly through the cell 
wall; it breathes in oxygen and 
breathes out carbon dioxide. 

Breathing organs in higher forms 
of animals and plants. In more 
complex forms of life, special breathing, or respiratory, sys¬ 
tems are developed. You have seen something of the way 
a fish breathes. Individual projects on the way that other 
animals breathe may be worked out. (See page 79.) 

The breathing organs in the leaf of a plant may be plainly 
seen with a compound microscope. (Study figure 43, page 75.) 
After the air enters through the opening, called a stoma, • the 
oxygen passes directly into the cells through their walls; and the 
carbon dioxide and the wafer pass out through these same cell 
walls. 

The breathing organs of the human body. You know that 
you breathe by means of lungs. If you could see your own 
lungs you would find that they contain many thin-walled sacs, 
pink in color. Their color is due to the fact that they are sup¬ 
plied with thousands of tiny blood vessels, full of blood, through 
the walls of which oxygen is constantly entering. 

_ A® you will see by examining the illustration on page 72, the 
air entering the body passes through the mouth or nose to the 
throat and. then down a tube, the wind-pipe, or trachea , into 
the bronchial tubes which lead into the lungs. 



Fig. 42. Some one-ceUed 
anim als and plants 
As they look under a mi¬ 
croscope. A is a tiny animal, 
the paramecium, which is 
feeding upon bacteria ( 23 ); 
P is a one-celled plant. 
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Why the air passes into and out of the lungs. There is 
nothing in the mouth or nose that is able either to suck air in 
or to expel it. If we want to 
find an explanation for the 
breathing motions, we must 
look farther than these parts 
of the body. We shall have 
to learn something about a 
large muscle which is flattened 
and dome-shaped and which 
stretches across the body from 
front to back and from side to 
side just below the lungs. This 
muscle is called the diaphragm 
and, like other muscles, it has 
the power of contracting. The 
diaphragm divides the body 
cavity into two parts, the up¬ 
per called the chest cavity and 
the lower, the abdomen. The 
lungs, which are in the chest 
cavity, are composed of thin, 
elastic tissues. They com¬ 
pletely fill the chest cavity, ex¬ 
cept for the space occupied by 
the heart, some blood vessels, 
and the food tube leading from 43 - Breathing organ 

the mouth to the stomach. , 0 a P wit 

. , . , , , A, the under surface of a gcrv 

Anything that makes the chest mum leaf that has been well watered. 

cavity become larger will cause 

the lungs to expand. As a re- drought. C, enlarged view of a stoma 

suit of the contraction of the madeof an opening, S, and two guard 
, , . cells, Or. D, side view of a stoma, 

diaphragm the chest cavity is 

enlarged and the elastic lungs which are in direct communica¬ 
tion with the outside air therefore become bigger. Because ol 
the air pressure of fifteen pounds to the square inch which 
forces them against the diaphragm and sides of the chest, air id 
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drawn into the lungs. (See figure 41, page 73.) Then when 
the diaphragm goes back into its former position, air is forced 
out. This motion of the diaphragm is kept up throughout our 
lives every time we breathe. 

The value of deep breathing, It is well to take breathing 
exercises every day, for they help to enlarge the lung capacity. 
Perhaps the best times to do this are directly after arising and 
just before retiring. A good exercise is to raise the arms slowly 
from the sides while taking a deep breath. Hold the breath 
two or three seconds and then exhale. The whole exercise 
should take about ten seconds. Repeat about six or eight 
times. 1 

Oxidation in the cells of the body. We have learned how air 
goes into and out of the lungs. The most important part of the 
breathing process takes place not in the lungs but in the body-cells. 
We know that oxygen is breathed into the lungs, and there is 
picked up by the red corpuscles (see figure 38, page 70) and 
taken around the body to be given off to the cells. We want 
now to find out what its use is in the cells. Every cell contains 
living matter,' which is called protoplasm, Chemists have 
found that protoplasm is a very complicated substance, made 
of several different elements. The most important elements 
are carbon, oxygen, hydrogen, and nitrogen. When the oxygen 
. comes in contact with protoplasm, oxidation takes place. The 
carbon and the oxygen unite to form carbon dioxide; the 
hydrogen and the oxygen form water; and the nitrogen unites 
with oxygen and several other elements to form urea and salts. 

Whenever oxygen unites with other elements, a certain 
amount of heat is produced. (See page 52.) When oxidation 
goes on in the living cells, the heat is given off there. That is 
what keeps the body warm and gives it the energy to do its 
work. 

What becomes of the waste matter. It would be very harm- 
ful to a living body to keep its waste matter stored up inside 
the cells or even near the cells, So every living creature has a 
way of getting rid of its waste. Plants send out carbon dioxide 
and water through the cell walls into the air spaces and finally 
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out of the breathing pores in the leaves. Animals all have 
some breathing system which carries off the waste. A fish, for 
example, has gills. In human bodies the three kinds of waste 
are gotten rid of as follows: (1) Carbon dioxide passes through 
the cell walls into the lymph, which is a fluid bathing the cells, 
and then into the plasma of the blood, by which it ks carried td 
the lungs. There it goes through the thin walls of the tiny 
blood vessels, called capillaries, into the air sacs of the lungs, 
and finally out through the nose and mouth. (2) Water in the 
form of liquid is taken into the plasma from the cells, and 
finally passes out of the body principally through the kidneys, 
and also through the skin as perspiration. Some of the water 
is changed to vapor and is breathed out of the nose and mouth. 
(3) Urea and salts are given off principally by means of the 
kidneys. 

Artificial respiration. When a person is apparently drowned 
or overcome by gas, restorative measures should be applied. 
If possible, send for a doctor or to the fire department for a 
pulmotor; but if the case is a serious one, do not wait until 
the doctor comes before acting. (1) See that nothing interferes 
with the access of air to and from the person's lungs. (2) Force 
air into and out of the lungs. This process is known as ar/i- 
ficial respiration. 

Let us suppose that a person has been brought out of the 
water unconscious and that breathing has almost or entirely 
ceased. The first thing to do is to loosen the clothing about 
the neck and get the water out of, the air passages. Do this by 
raising the body at the middle and gently shaking it, at the 
same time having the tongue pulled out so as to give free acces3 
from the lungs to the outside. In this position the head will 
be lower than the lungs and the water should run out of the 
mouth. The tongue should be kept extended during this and 
the succeeding operations. The next step is to put the person 
into a horizontal position and apply artificial respiration, 

, The most common method of giving artificial respiration is 
shown in the illustration. When the arms are extended above 
the head the chest cavity is enlarged, with the result that air 
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Fig. 44. Artificial respiration 

Lay the patient on his stomach, Extend one arm directly over Ills head. 

Bend the other arm at the elbow, and rest the patient's cheek on his hand, 
to keep the nose and mouth off the ground and free for breathing. 

Kneel facing forward, straddling the patient's legs_ above the knees. 
Place the palms of the hands on each side of his back, just above the belt 
line and about four inches apart, thumbs and fingere together, the little 
fingers over and following the line of the lowest ribs and the tips of fingerB 
just out of sight. 

With arms straight, lean gradually forward, pressing downward and for¬ 
ward, and counting slowly, one, two, three. Snap your hands sideways off 
thepatient'sback. Swing your body back, counting Biowly, four, live. Rest. 
Straighten the arms and repeat the pressure. 

To assist in timing the three movements of straight-arm pressure, quick 
release, and swing back (about twelve per minute), repeat during the period 
of pressure, "Out goestne bad air"; snap off your hands and repeat during 
the period of release, " In cornea the good." Keep working steadily until 
breathing begins and continues naturally. (American Red Cross.) 

is taken in. The air is forced out from the lungs by pressing 
against the sides of the chest. You can time the process by 
your own breathing. The circulation of blood and the action 
of the heart may be stimulated by applying warm cloths, or 
slapping the arms and legs. The most important thing, how¬ 
ever , is to start the breathing. ■ The artificial respiration should 
be continued until it becomes evident that the case is either 
hopeless or until the person breatheB of himself. Some people 
have been saved by continuing the artificial respiration for an 
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hour or even longer when apparently no hope of recovery 
existed. 

The pulmotor is an instrument by means of which artificial 
respiration is produced. If one can be obtained and its opera¬ 
tion is understood, it is a more efficient means of rendering 
assistance than the method explained. 

REVIEW OUTLINE 

A. HOW LIVING THINGS BJSEATHE 

1. Activity in relation to the rate of breathing 

2. Heat production in relation to the rate of breathing 

3. Comparison of air breathed in and breathed out 

4. How plants breathe 

B. The structure of living things 

1. The human body compared to a machine 

2. Cells — the building units 

0. Parts 

i. Number of cells in living bodies 

c. Tissues and organs 

d. Cells in the blood 

C. Breathing organs of living things 

1. In simple forms of life 

2. In higher forms of animals and plants 

3. In the human body 

a. Structure of the lungs 

b. Why air passes into and out of the lungs 

c. The value of deep breathing 

d. Changes in the body-cells 

(1) What becomes of the waste matter 

e. Artificial respiration 

INDIVIDUAL PROJECTS 

Marking projects: 

1. Examine and make drawings of different kinds of cells as 6een with 
the compound microscope. The teacher may furnish prepared 
slides and- give a brief explanation of how they were made. 

2. Make diagrams to show the air-passages and lungs of the human 
,body, 

3. Demonstrate how a pulmotor works. 

4. Find and examine with a compound microscope the simple animals 
and plants that live in stagnant water. The best way is to make a 
11 hay infusion " by leaving some loose hay or dried swamp grass in 
water several days. 




Reports; 

1, How different animals breathe; i,e, ( fishes, frogs, insects, and birds, 
■ Several pupils may work on this project, _ 

Mid Biology. M, A. Bigelow. American, 

Cm Mo®. G. W. Hunter. American, 

Eltmtary Biology. 6, C. Gruenberg, Ginn, 

2, The uses of gases and gas masks in war, 

3, Animals that hibernate, , 

' BOOKS THAT WILL HELP YOU 

ktnmU Cross Abridged Mock on First Aid, C, Lynch, Blakfotoo, 
Buy Seoul HandbooL Boy Scouts of America, 

First Aid Jot Boys, Cole and Ernst, Appleton, 

GooiHml F. G, Jewett. Ginn, 

Horn to Liw. Fisher and Fisk, Funk, 

Handbook of Hialll Woods Hutchinson, Houghton, 

Tit Emit Mam Hough and Sedgwick, Ginn, 

The Hem Scouting Jor Girk The Girl Scout?, Inc, 



IV 

AIR AND HEALTH 

Fresh air. How much time do you spend out-of-doors each 
day? If every one spent at least two hours a day in the open, 
we should have healthier communities. The good health of its 
citizens is recognized as the greatest asset a country can have. 
Many of the factors controlling health have to do with fresh 
air. 

The individual projects along this line offer you many inter¬ 
esting opportunities. You might form a Health Club, arrange 
an exhibit on health, or make an investigation of your town’s 
work in helping its citizens. If you like to report, some in¬ 
teresting subjects are given on page 109. For many other 
suggestions see the projects listed at the end of the chapter. 


THE PROBLEMS 

A. ON VENTILATION, 

1. How can a circulation of air be maintained in our 

schoolroom? 

2. How is temperature measured? 

3. To make a wet- and dry-bulb thermometer for 

measuring humidity. 

4. What is the best way to ventilate our living-room? 

B. On bacteria, 

5. Does the air contain bacteria? 

6. To see bacteria with a microscope. 

7. Will sunlight kill bacteria? 

8. How may bacteria be destroyed? 

9. To show how the prevalence of some diseases de¬ 

pends upon seasonal changes. 

C. On community hygiene. 

xo. A sanitary survey of the school. 

11. A sanitary survey of ray home. 
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A. VENTILATION 

Problem, i: How can a circulation of air be maintained in out ' 
schoolroom? ( Class .) 

Directions: ' 

Part i: If a special ventilating system has been installed in your 
school, perform the following experiment: 

Close all windows, doors, and transoms. Put joss sticks at the venti¬ 
lation openings in order to determine which is the one carrying air into 
the room and which is for the purpose of carrying the used air out. By 
holding burning joss sticks at different places in the room try to deter¬ 
mine die course taken by the air. 

Do you find air in motion in all parts of the room? Find out the 
source of the entering air and what is done to it before it is admitted 
to the schoolroom. Also find out where the used air goes after it leaves 
the room. 

Part 2: Try the same tests with windows and doors open in various 
combinations! 

If the schoolroom has no special ventilating system, but depends 
on opening windows and doors, test to find the best combination. Try 
the tests on different days, when the wind direction varies. 

Conclusions: 

1. Does the circulation of air depend on the wind direction? 

2. Is it usually necessary to open windows and doors to get a good 
circulation? 

3. Which combination ordinarily seems to work best in this particular 
room? 

Problem 2: How is temperature measured? (Class.) 

Directions: 

Part 1: Study of a Fahrenheit thermometer 
Examine the thermometer used in the schoolroom. Why is it used? 
What are its parts? What is the liquid in the tube? 

Hold your fingers on the bulb. What is the effect? Why? 

Breathe on the bulb. What is the effect? 

Hold a doth wet with cold water on the bulb. What is the effect? 
Part 2: Comparison of two thermometer scales. 

Examine a thermometer used in sdentific work.’ If it is marked off 
with both the Fahrenheit and Centigrade scales, compare the two ways 
of dividing, 

What is the temperature of the room according to the Fahrenheit 
scale? according to the Centigrade scale? 
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Is the Centigrade degree larger or smaller than the Fahrenheit degree? 
Put the thermometer in a dish of water. Heat the water until it boils. 
What is the boiling point on the Fahrenheit scale? on the Centigrade 
scale? 

If you can get some snow or chipped ice, put the thermometer in it. 
What are the freezing points on the two scales? 

Summary: 

1. What is the principle on which the thermometer depends? 

2. How many degrees are there between the freezing point and the 
boiling point on each scale? 

3. How many Fahrenheit degrees are equal to one Centigrade degree? 

Problem 3: To make a wet- and dry-bulb thermometer for measur¬ 
ing humidity. (Class.) 

(Note: By relative humidity in the air we mean the percentage of 
moisture which it con¬ 
tains compared with the 
most that it can hold 
at that temperature.) 

Directions: Asimpledevice 
for finding out just what 
the relative humidity is 
may be made by attach¬ 
ing two small thermome¬ 
ters to a board or a strong 
cardboard. One bulb is 
kept dry; the other wet 
in this way: the braided 
wick from an alcohol lamp 
is spread out at one end 
and tied over the bulb 
of one thermometer; the 
other end of the wick 
■passes through a cork into 
a small bottle of water 
fastened to the board. 

To use your device, you 
must fan it vigorously for 
two minutes, then read 
the temperature on the dry-bulb thermometer and on the wet-bulb 
thermometer. Note well what the difference is. Now find the per¬ 
centage of humidity by the table below. If the dry reading is 68*, for 



Fig. 45. A wet- and dry-bulb 
thermometer 
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example, arid the wet reading is 58°, the difference is io°. Follow the 
line across from 68 until it meets the line down from 10; you find the 
figures 55, which show that the relative humidity is 55 per cent, a 
very good percentage for comfort and health. 


Table Showing Humidity in fer cent 



Questions: 

1. What is the relative humidity of your schoolroom? 

2. If it is below 50 per cent, what can you do to increase it? 

Problem 4: What is the best way to ventilate our living-room? 
(Home) 

(Note: Of course, living-rooms can usually be ventilated by having 
drafts from halls or other rooms sweep through. In this problem, 

■ however, we shall not consider this method, but rather how to venti¬ 
late a room shut off by itself.) 

Directions: The test should be made on a quiet day. Light some joss 
sticks and hold them at open windows. Try the experiment when the 
windows are open at the bottom and at the top. Try as many different 
combinations as possible. Try, by means of the smoke of the burning 
joss sticks, to follow the air currents. Determine which combination 
results in producing the desired effect — that is, in giving fresh air to 
all parts of the room without objectionable drafts. 

Summary; Write a report upon your experiment, using diagrams. 

Factors which control ventilation. Have you ever noticed 
how different you feel when you are in a close room filled with 
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people and when you are outdoors on a line, breezy day? The 
air in these two places is different in many respects, in its com¬ 
position, its temperature, and especially its rate of motion. 
Scientists have worked out careful experiments to try to find 
just the reasons why some air is healthful and other air is not. 
The results of such experiments show that good ventilation 
depends upon four factors: circulation of air, temperature, 
amount of water vapor, or humidity, and absence of foreign 
materials in the air. 

I, Circulation of air. People used to be very much afraid 
of even gentle drafts. We know now that circulation of air is 
very necessary. Immediately surrounding our bodies there is 
always a layer or envelope of air. If this envelope of air re¬ 
mains stagnant, it soon becomes heated and laden with mois¬ 
ture given off from the body. If it is kept in motion, however, 
by circulation of the outside air, this blanket of humid air is 
driven away; the cooler, drier air from the surrounding atmos¬ 
phere takes its place next to the body, thus allowing evapora¬ 
tion to go on, and restoring our comfort. 

II, Temperature of air. Have you ever heard of the Black 
Hole of Calcutta, where 146 English prisoners were left over¬ 
night in a guardroom 18 feet long by 14 feet wide with but 
two 6mall windows? In the morning only 23 were left alive. 
It used to be thought that the deaths of the other 123 were due 
to a large accumulation of carbon dioxide. It is now believed 
that they were caused by the excessive heat, the stagnation of 
the air, and the great amount of water vapor that was present. 
These conditions prevented breathing and circulation. 

Scientists have performed many experiments in the past few 
years to find out the best temperature for the air in homes and 
public buildings, The Ventilating Commission of New York 
sums up the results of its investigations with the words: "The 
thermometer is the first essential in estimating the success of 
ventilation." 

Experiments made in a school in Indiana produced results as 
follows: "Temperature of eighty degrees, the class was restless, 
dull, and incapable of continued mental effort; seventy-six de* 
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100 


-Melting point of common solder 


greea, the class was dull and sleepy, penmanship was poor; 
seventy-five degrees, class was dull and complained of the heat; 
seventy-four degrees, not quite so dull as above; seventy-two 
—. degrees, restless; seventy de- 

|( 0 )| grees, excellent work, cheerful¬ 

ness in class; sixty-eight de¬ 
grees, best work, to-day seemed 
their best; sixty-six degrees, 
splendid work; sixty-five de¬ 
grees, class happy and full of 
work, some complained about 
the room’s being cold; sixty 
degrees, too cold for good work, 
complained of the cold.” 

The thermometer. In order 
to measure the temperature 
of the air it is necessary to 
make use of an instrument 
called the thermometer. 

The first thermometer was 
made by the great Italian 
scientist, Galileo. It consisted 
of a glass bulb filled with air 
and connected with a tube, the 
end of which dipped into a dish 
. of water. The water fell in the 
tube as the air expanded, and 
rose in the tube as the air con¬ 
tracted. The instrument was 
not very exact, however, be¬ 
cause the pressure of the air 
affected it as well as the tem¬ 
perature. So a little later, in 


—* Bolling point of water 
20Q at normal pressure 


-Pasteurizing milk 


-Normal temperature 
of human body. 

“Rooms where occupants 
aieuot exercising 


-Freezing point of water 


-Freezing point of mercury 


Fig, 46. Two common temper¬ 
ature scales, Fahrenheit and 
Centigrade 


1612, Galileo made a thermometer using a sealed tube con¬ 
taining alcohol. The tube was marked off with little enamel 
beads. Alcohol, usually colored red, is still used in some ther¬ 
mometers. The material which has proved the best for 
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ordinary use is the heavy liquid, mercury, which is used ako 
in barometers. (See page 16.) 

For about one hundred years after Galileo invented the 
thermometer, people were undecided how to mark it off. 
In 1701 Sir Isaac Newton suggested that the freezing point 
of water be considered zero degrees and the temperature of the 
human body 12 degrees. In 1714 Fahrenheit (Far'en-hite) 
proposed that the lowest temperature obtainable with a freez¬ 
ing mixture of salt and ice be considered zero degrees, and that 
the interval between this point and the temperature of the 
human body be divided into 12 degrees. To obtain a finer 
scale he divided each of these degrees into eight. With this 


scale on one of his thermometers the 
freezing point of water was 32 degrees 
and the boiling point 212 degrees. As 
time went on the freezing and boiling 
points of water came to be recognized as 
the most suitable fixed points to be used 
in the measurement of temperature. 

The Centigrade (or hundred-grade) 
scale is more convenient for several 
reasons. The boiling point of water is 
100 degrees, and the freezing point zero 
degrees. This scale is used in France, 
and also for scientific work. 

Since both types of thermometers are 
used in America, it is well to know both 
scales. According to the Fahrenheit 
system, there are 180 degrees between 
the freezing point, 32 degrees, and the 
boiling point, 212 degrees. According 
to the Centigrade system there are 100 
degrees between the same two points. 
•Therefore, one Centigrade degree equals 
or f Fahrenheit degrees, and one 



Fig. 47. Some effects 
of different temper¬ 
atures 


Which scale is used 
here? Note the low tem¬ 
peratures to which gases 
must be brought in order 
to be made liquid. 


Fahrenheit degree equals or •§■ Centigrade degrees. So 


to change degrees Centigrade to degrees Fahrenheit multiply 
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the number of degrees Centigrade by § and add 32, and to 
change degrees Fahrenheit to degrees Centigrade subtract 32 
from the number of degrees Fahrenheit and multiply the re¬ 
mainder by f. For example, 70 degrees F. minus 32 equals 38, 
which multiplied by $ equals 21.1 C. Take the temperature of 
the room by the Fahrenheit thermometer, and find what it 
would be on the Centigrade scale, 

Temperature and the amount oj water vapor in the air. Heat 
causes more rapid evaporation of water into water vapor. Hot 
air can also contain more water vapor than cold air. In other 
words, the higher the temperature of the air, the greater the 
amount of water vapor it can hold. 

HI. Humidity of the air. The term humidity refers to the 
amount of water vapor in the air. There are two different 
senses in which the word humidity is used. It may be used to 
refer to the actual amount of water vapor in the air. This is 
known as absolute humidity. In a slightly different sense, this 
term is used to refer to the comparative amount of water vapor 
which the air contains with that which it would contain if 
saturated. This is called relative humidity, and it is in this 
sense that the word is ordinarily used when referring to the 
percentage of humidity. If you look under the heading of the 
weather report in some newspapers, you will find statements of 
the percentage of humidity in the air during certain hours of 
the preceding day. For example, you might find that the 
humidity at noon was fifty per cent. This would mean that 
at that time the air was holding just half of the total amount of 
water vapor that it was capable of holding. On dose, ‘' muggy ’ ’ 
days, the humidity is high; on days which are invigorating, the 
humidity is low. There is a great variation in the percentage 
' of humidity in different places and in the same place at different 
times, Thus, in some sections of the United States, as along 
the coast or near great bodies of inland waters, the humidity is 
apt to be high most of the time; whereas in places far inland 
the humidity is usually low. 

Indoor humidity. Even when the humidity out-of-doors is 
great, the air indoors may be very dry, altogether too dry for 
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good health. Steam-heated rooms are especially apt to be too 
dry. Scientists agree that an indoor humidity of at least fifty 
per cent is desirable. Test the relative humidity of the school¬ 
room. Is it satisfactory? 

IV. Foreign materials in the air. The most common kind 
of foreign material in the air is dust. When much is pre¬ 
sent, it is capable of doing serious harm. (1) It may irritate 
the delicate lining of the air passages and lungs. (2) It is the 
means of carrying bacteria into the body, some of which may 
cause disease. Some ventilating systems have an arrangement 
for giving the air brought in from outside a shower-bath. It 
is usually impossible to install a ventilating system of this kind 
in our homes, but it is possible even here to keep dust down to a 
mi ni m u m by proper methods of dusting and cleaning. A city 
government can do much in the way of preventing dust by 
flushing and oiling the streets and enforcing laws that require 
factories to be provided with arrangements for keeping the 
air clean. Certain industries are extremely dangerous to the 
health of the workers because of the fact that different kinds 
of dust particles are produced and get into the air that is 
breathed by the workers. Metallic dust and dust from felt in 
factories where hats are made are common examples of dust 
which is harmful to' workers. In many, if not all cases, it is 
possible to protect them. It should be the business of the city 
or state to see that this is done. 

Other foreign materials in the air are in the form of gases. 
One of the most dangerous is carbon monoxide, a gas which is 
formed when carbon bums in a limited supply of air. One 
common source is the exhaust gas from an automobile. In a 
closed garage this gas may be given off in sufficient quantity 
when the engine is kept running, to cause death, for carbon 
monoxide when it composes even one five-hundredth part of 
the air, is fatal if breathed even a few minutes. 

Cleaning and dusting. The best kind of cleaning apparatus 
for use in the home is the vacuum cleaner. This mechanism 
sucks the dust into a bag from which it may be emptied and 
destroyed. The worst thing that can be used is the feather 
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duster. This method of cleaning merely stirs the dust so that 
it floats in the air, from which it may be inhaled or fall back 
again upon the surfaces of the very articles that a short time 
before were dusted. A cloth or mop dampened with water or 
oil is serviceable for certain kinds of cleaning and does not have 
the objectionable feature of a feather duster or dry cloth. 
Heavy curtains, carpets, and rugs are dust-collectors and if 
used should be thoroughly cleaned at regular intervals. 

B. BACTERIA 

Problem 5: Does the air contain bacteria? (Class.) 

(Note to the teacher: Nutrient agar may be obtained from the local 
board of health or prepared in the following way. Have it ready sev¬ 
eral days before it is needed for problems 5 and 7. 

Measure 1000 cc. water, 10 g. salt, 10 g. peptone, 10 g. Liebig's beef 
extract, and 10 g, agar-agar. 

Dissolve the beef extract in the water. Add agar cut into small 
pieces, salt, and peptone. Heat until the agatfdissolves. Add cooking 
soda until the solution is alkaline, aB tested by litmus paper. 

Have ready an Erlenmeyer flask and a glass funnel tube which have 
been sterilised by boiling in water. Place absorbent cotton in the 
funnel, and filter the liquid while hot. Plug the mouth of the flask with 
absorbent cotton. 

Sterilize for half an hour. The best way is to use a steam sterilizer, 
but fair results may be obtained by setting the flask in a pail or double 
boiler partly filled with water and boiling it, tightly covered. 

Pour the hot solution into Petri dishes which have been sterilized, 
or into sterilized test-tubes. Allow them to cool, keeping the agar 
covered and in a place free from dust.) 

Directions: Expose for five minutes some Petri dishes containing nutri¬ 
ent agar to the air of 
■ (x) The schoolroom. 

(a) The corridor during the passing of classes. 

(3) Out-of-doors. 

Put these dishes away in some place where they will be kept at a 
moderate temperature - that is, from 6o° to 70° Fahrenheit. Compaq 
them with other dishes which were not exposed. Examine them every 
ay for about a week. After a few days, if the material was properly 
prepared, different-colored little patches or dots will appear in the 
is es that were exposed. Each of these consists of millions of bacteria, 
each one is called a colony, and each colony came from a single bac- 
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terium that happened to fall upon the nutrient agar. Examine some 
of the material from the colony under the microscope, as directed in the 
next problem, (A fuzzy growth indicates mold, not bacteria.) 

Summary: 

1. Compare the number of bacteria which fell into the dishes in each 
case. 

2. Which air is purest, as shown by this one experiment? 

Problem 6: To see bacteria with (he microscope. (Pupils.) 

Directions: Place upon a slide a drop of broth, in which bacteria have 
been growing. Put a cover glass on it and examine with the high power 
of the microscope. 

Can you see, when the light is not too strong, very tiny shadow-like 
forms? They are the bacteria. Some or all of them may appear to be 
moving about quite rapidly. What form or forms do they possess? 

Place a small drop of this material upon a slide and let it dry. When 
dry, put some "methylene blue" upon it. Let it stand for two minutes 
and then wash it off by letting water run over the slide. This washing 
will not remove the bacteria. The slide may then be blotted gently 
and the stained bacteria examined with the microscope. 

Can you now see the forms more distinctly? 

Drawing: Draw in your notebook the forms which you see. 

Problem 7: Will sunlight kill bacteria? (Class.) 

Directions: Expose two or three dishes containing nutrient agar in 1 
dusty place for ten or fifteen minutes. Paste some heavy paper over the 
lids with holes in the center about one inch in diameter. Place these 
dishes in the sunlight and examine the contents every day for a week. 
What is the result? 

Summary: Make applications of this experiment to home-life. 

Problem 8: How may bacteria be destroyed? (Class.) 

Directions: Arrange a series of six or more test-tubes containing beei 
broth. Expose all but one to the air for a few minutes until it is prob¬ 
able that bacteria have entered. Label the tubes as follows after treat* 
ing them as indicated in each case: 

(1) Not exposed. 

(2) Exposed. 

(3) Exposed plus salt. 

(4) Exposed plus hydrogen peroxide. 

(5) Exposed plus mercuric chloride. 

(6) Exposed plus carbolic add. 
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Comp are the appearance of these tubes every day for a week. Often 
bacterial growth is indicated by a cloudy appearance. 

After a week examine for bacteria under the microscope a drop from 
each tube, 

If bacteria are present in the broth containing the antiseptics or dis¬ 
infectants, how do you explain tire fact? If this is the cane it might be 
advisable to try the experiment again using larger amounts of these 
substances. 

Questions: 

1. How could you perform an experiment to find out whether freezing 
kills bacteria? 

2. Why are hardwood floors to be preferred to carpeted floors? 

Problem 9 : To show how the prevalence of some diseases depends 
upon seasonal changes. (Class or group project.) 

Directions: Procure from your state department of health, and if you 
live in a large city, from your city board of health as well, statements 
regarding the number of deaths each month of the preceding year from 
the following causes: consumption, pneumonia, and diphtheria. 

Make three charts which will indicate the relative number of deaths 
each month from these causes. (For the form of these charts, see figure 
48.) If you can secure the average number of deaths from these causes 
during the past ten years or more, compare the records of last year with 
the preceding years. Can you explain the reason for any great differ¬ 
ence? 

Conclusion: What conclusions are you justified in making regarding the 
effect of the seasons upon the prevalence of consumption? pneumonia? 
diphtheria? 

Question: What practical use can be made of the information obtained 
and shown in the charts? 

Air and disease. We sometimes hear it said that a " change 
of air'' is a good thing for people suffering from or threatened 
by certain diseases. Thus, consumptives are often sent away 
to a “dry climate.'' Again, it is quite generally known that 
certain diseases are what are called “air borne" diseases. This 
means that the living organisms which must enter the body to 
cause the diseases are carried through the air. The little living 
organism which causes consumption is sometimes found in 
dust. Because certain diseases are communicable, it is neces¬ 
sary to isolate or quarantine the persons suffering from them. 
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Fig. 46. Chart showing the influence of the seasons in relation 
to the number of deaths from some common diseases (1934) 

The data have been taken from the United States Registration Area, ex¬ 
clusive of Hawaii. The population of this area represents 85.3 per cent of 
the total population of the United State-.. 

Before the quarantine may be broken, the room or premises 
occupied by the patient should be cleansed or freed as far as 
possible from the organisms causing the disease. This process 
is called disinfection. It is worth while to know something 
about the significance or meaning of these facts so that we may 
know how to act as individuals and how our communities 
should act’ to safeguard our own lives and health, as well as 
those of the people about us. 

Enemies of health. Except in the case of certain diseasea t 
such as cancer, which still baffle the researches of scientists, it 
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has been determined that diseases are produced by the entrance 
into the body of little living organisms which are commonly 

called gems. The term germ, 
however, is applied not only to 
all kinds of disease-producing 
organisms but to certain other 
things as well. For this reason 
we should avoid its use. The 
most common kinds of disease- 
producing organisms are bac¬ 
teria, which are the simplest 
kind of plants. 

Bacteria are so very small 
that several millions, even of 
Fig. 49. Bacteria seen through the larger varieties, may be con- 
the microscope tained in an ordinary drop of 

bs^ h -“KsK&cte£ liquid. They are classified in 

three groups according to their 
form or shape. A study of figure 49 will show how they 
look when, viewed under the microscope. Not all bacteria are 
capable of producing disease. Many, in fact, are very useful; 
some are absolutely necessary for life. The kinds which cause 
disease are few and are exceptional varieties, but because they 
do so much harm they are the best known and most talked about. 

How bacteria enter the body. Bacteria usually enter the 
body through the nose or mouth. They may get in with air that 
is breathed. They occasionally enter with the food. They are 
often brought to the mouth and nose through the medium of the 
hands. This fact should result in making us think about the 
importance of cleanliness in our daily living and especially of 
the importance of often washing hands and face. It is interest¬ 
ing to know, however, in this connection that very few bacteria 
can enter the body through the unbroken skin. Some of them, 
however, can quite readily grow upon the more delicate lining 
of the air passages and thus may cause colds and sometimes 
more serious diseases such as bronchitis, la grippe, influenza, 
pneumonia, and consumption 
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How bacteria attack the body. Usually the bacteria that 
are capable of producing the diseases that have just been men¬ 
tioned do not cause trouble unless the body has been weakened 
in some manner. In other words, they find it difficult to harm 
a person who is in good physical condition. They all have the 
power of making poisons, which weaken the body and cause 
disease. The tubercle bacillus , the bacterium causing tubercu¬ 
losis, is different from others in that it actually destroys con¬ 
siderable amounts of body tissues. Thus, the person who 
dies from consumption will have parts of one or both lungs 
entirely eaten away or consumed. Hence the name "con¬ 
sumption.” 

How bacteria increase in number. It may at first thought 
seem strange that such very small things as bacteria can pro¬ 
duce enough poison to make a person seriously ill. There are 
two explanations of their injurious effect upon the body. 

(1) Bacteria multiply or reproduce very rapidly. From a very 
few, countless millions may be produced in two or three days 

(2) Some of the poisons which they make are so extremely 
powerful that only a little is needed to cause serious trouble. 

Bacteria reproduce in a very simple manner. One of them 
divides into two parts, and each half under favorable conditions 
becomes as large as the bacterium from which it came. Then 
each half likewise divides and produces two more. This 
process will be kept up indefinitely as long as favorable condi¬ 
tions last. Fortunately, favorable conditions do not usually 
last a very long time. If they did, this world very shortly 
would be covered by nothing but bacteria. Sometimes the 
bacteria stop multiplying because they are killed by their own 
poisons or because their food-supply gives out. 

In order to realize how rapidly bacteria reproduce, consider 
how many may come from a single bacterium in twenty-four 
hours, if it belongs to a group that can reproduce every hour. 
Starting with one, at the end of one hour there will be two. At 
the end of two hours, four. Then the numbers will jump to 
eight, sixteen, thirty-two, sixty-four, one hundred and twenty- 
sight, etc., until at the end of twenty-four hours we find that 
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they reach the stupendous sum of 16,777,216. Many bacteria 
are able to reproduce even more rapidly than this. 

How the body defends itself against the attacks of bacteria. 
If bacteria are around us in such huge numbers and the body 
presents such easy ways of entrance, why does it not at once 
succumb to their attacks? There are several means of defense 
with which nature has supplied us in our fight against bacteria. 
These defenses may be divided into two groups, the external 
and the internal. Let us consider first the external defenses. 

The external defenses. 1. Much of the dust that would 
otherwise get into the wind-pipe is caught by the hairs of the 
nose. Hence we can see one reason of great importance for 
always breathing through the nose. 

2. The dust which is carried past the hairs of the nose meets 
with a serious obstacle to its passage into the lungs, in the form 
of certain tiny structures which are 
found in the wind-pipe. These minute 
structures, which are microscopic threads 
of living matter, are known as cilia. 
The cilia have the power of motion, and 
lash more rapidly in an upward direction 
than in a- downward direction. This 
movement causes any dust which may ■ 
settle on the inside of the wind-pipe to be 
lining of the mouth raised or coughed up. If it were not for 
and throat bearing ^e action of these cilia, it would not be 
very long before the lungs would be 
clogged with dust and breathing would 
become difficult. (See figure 50.) 

3. The mouth also contains a means 
of defense against the harmful action of 
bacteria. This is found in the digestive 
juice or saliva which is poured into it. Saliva does not kill the 
bacteria which may enter the mouth, but it does not offer a 
good medium for their growth and multiplication. It usually 
prevents their reproduction and weakens them. 

4. The nose, mouth, and tubes leading to the lungs all 



Fig. 50. Cells from the 


cilia (C) 

Certain cells (M) pro¬ 
duce sticky mucus ( 5 ), 
which coats the lining of 
the throat and gathers 
dust and bacteria as it is 
forced up by the motion 
of the tiny cilia. 


Bacteria 


97 


have the same kind of lining, called the mucous membrane. 
This membrane usually offers another means of defense against 
the action of bacteria. When in a healthy state it is not a 
favorable place for the growth of bacteria. However, if this 
membrane becomes inflamed, irritated, or too dry, conditions 
are quite changed. Bacteria find it a favorable breeding-place 
and may then cause trouble. In this way colds, pneumonia, 
and consumption may originate. 

Internal defenses. Besides these external means of defense, 
the body is supplied with internal defenses, so that when 
bacteria find lodgment in the body and 
proceed to cause a disease, they themselves 
are usually attacked and frequently killed. 

The body ha9 two great means of thus 
defending itself, (i) There are millions of 
cells in the blood called white corpuscles, 
that have the power of attacking and 
destroying certain forms of bacteria. 

(2) There are certain body fluids that are 
frequently able to kill bacteria. 

I. The while cells of the blood. The white 
corpuscles maybe called the standing army 
of the body. In many cases, especially 
where bacteria attack the body through between \ C °wMte 
cuts and wounds, these white corpuscles, of corpuscle C and a 
which there are about seven thousand in a bacterium B. 

small drop of blood, are attracted to the (Greatly enlarged.) 

, , ' , 1 he corpuscle is 

spot and proceed to attempt to destroy shown approaching, 

the bacteria by engulfing them. They use touchinft» engulfing, 
the bacteria as food, provided they are m gest the bacterium, 
sufficient strength and numbers and pro¬ 
vided the bacteria are not too powerful. Sometimes the 
bacteria gain the upper hand and by their poisons kill off 
the white corpuscles. 

A drop of pus or the sputum of a consumptive when viewed 
under the microscope will show that a pitched battle has been 
fought. Some of the body cells can be seen to have been 
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killed by the bacteria and on the other hand some bacteria can 
be seen to have been overcome by the cells. 

2. Some body fluids act as a defense. In addition to the 
white corpuscles the blood has other means of destroying 
certain bacteria and their poisons. In the case of diphtheria, 
the bacteria which live in the throat give off a powerful poison, 
or toxin, that enters the blood and causes the fever. When a 
person recovers from this disease it is because the poison has 
been neutralized in some way. 

Antitoxin (meaning “against the toxin”) treatment is an 
example of this method of fighting the disease. Antitoxin is 
usually obtained from a horse. The most common disease for 
which it is used is diphtheria. 

The toxin-antitoxin treatment for diphtheria. Diphtheria 
bacilli are grown in a meat broth. They give off their poisons 
which are then taken and carefully measured, A certain 
amount of this poison, called toxin, is then injected into the 
horse’s blood. Not enough is put in seriously to injure the 
animal. After a few days a larger dose is injected. This is 
repeated at regular intervals until the horse can stand an 
amount of this poison, which, if injected at first, would have 
killed him. Then, however, the animal has become accus¬ 
tomed to the poison, and shows no harmful effect whatever 
from the dose. The reason for this is that the horse’s blood 
has been making what is called antitoxin, which has the power 
of neutralizing or destroying the toxin. The animal is then 
bled. The blood is treated in such a way as to obtain the 
antitoxin. This antitoxin is distributed for use by doctors. 
Thus when a doctor injects antitoxin into a person who has 
ether developed diphtheria or has been exposed to it, he is 
putting into that person's body just the weapons that are 
needed to fight against the poisons made by the diphtheria 
bacillus. In certain cases, a carefully measured mixture of 
both toxin and antitoxin is used, Such a procedure results in 
producing a longer period of immunity against diphtheria than 
if antitoxin alone is used. To get quick results, however, only 
the antitoxin is used. 



Bacteria 


99 


Bacteria present in healthy people. It has been found in 
recent years that some forms of disease-producing bacteria are 
usuall y present in the mouths of well people. Thus, many 
healthy people may carry around with them the agents that 
cause such serious diseases as tuberculosis, pneumonia, and 
diphtheria. Practically every one of us has in his mouth at 
one time or another the bacteria which cause colds even when 
we are entirely free from cold. These bacteria simply need a 
weakening of the defenses of the body in order to give them the 
proper conditions to grow and cause sickness. 

Importance of keeping the body in a healthy condition. 
There is excellent reason for believing that most people who 
have reached the age of thirty have been attacked by the 
tubercle bacilli. However, because of their power of resistance 
they have been able to overcome the bacteria. 

Although consumption cannot exist unless the tubercle 
bacillus is present in the lungs, nevertheless the mere presence 
of the bacteria does not always cause people to become ill with 
the disease. Neither is the disease inherited — that is, passed 
on from parent to child. Although consumption is not inher¬ 
ited, it is true that one may inherit a tendency to it. In other 
words, a person may inherit a lower power of resistance to the 
disease than most people possess. The most important thing 
to do in avoidbg this disease is to keep the human body in 
such vigorous condition that the bacteria will not have a chance 
to grow, even if they enter the body. A body that is weakened 
by any cause offers a lowered resistance to the inroads not 
only of tubercle bacilli but of other kinds of disease-producing 
bacteria. Within certain limits, it is possible and practicable 
, for us to maintain our bodily resistance to the degree that we 
ourselves desire. Some ways by which resistance is lowered 
are: (i) chilling, especially through wet feet; (2) loss of sleep; 
(3) overeating; (4) poor nutrition; (5) constipation; (6) lack of 
•.plenty of fresh air; (7) overwork; and (8) adenoids or enlarged 
tonsils, which are nests for bacteria. 

Common colds. Colds are altogether too "common." They 
are believed to be caused by a virus, an organism so small 
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that it passes through the finest filters and cannot be seen even 
with a microscope. Colds may be caused (i) by direct con¬ 
tact, as by kissing; (2) by being within range when some one 
with a cold coughs or sneezes; (3) by indirect contact, as by 
using the same towel or drinking-cup. If you are in the best 
of condition you will probably not catch the cold, even if the 
virus enters your body. If your resistance is low, the virus 
may have a chance to establish itself. 

The best treatment for a cold is rest. Stay in bed if you 
have a severe cold. You will save time in the end and protect 
others from the infection. Colds are most contagious during _ 
the first two or three days. Sleep alone, keep the windows 
open, drink plenty of water, eat nourishing food, and get plenty 
of sleep. Baking soda in water often proves helpful. 

Some ways in which bacteria are spread. Tuberculosis may 
be spread by dried sputum. This is blown about by the wind, 
the bacteria themselves not being able to fly. While disease 
bacteria may be transmitted to persons through the air, the 
most common means of transmission from the sick to the well 
is by direct personal contact. Bacteria causing colds, con¬ 
sumption, influenza, pneumonia, and diphtheria may be passed 
from the sick person to some one else by kissing or by handling 
any object used by the sick person. In the case of diphtheria 
the bacteria are often left on the rims of drinking-cups, and for 
that reason, as well as others, it is well to have a law against 
the use of the public drinking-cup. Diphtheria and tuberculo¬ 
sis may also be spread by the medium of contaminated milk. 
Tuberculosis is especially apt to be spread in this way, because 
cows not infrequently have this disease and give off the bacte¬ 
ria in their milk. Babies are especially apt to get intestinal 
tuberculosis, and there is excellent reason for believing that in 
the great majority of such cases this disease has been caused 
by infected milk. It is therefore imperative that young 
children should be given milk of the very best grade. 

Seasons in relation to the prevalence of disease. It is com¬ 
monly known that at certain seasons people are apt to have 
certain forms of disease. Winter and spring are the seasons 
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when colds, grip, pneumonia, diphtheria, and tuberculosis are 
most prevalent Knowing this, we should be on our guard 
especially at these seasons. Colds, coughs, and sore throats 
should not be neglected, and wet feet should be avoided as 
far as possible. It will be profitable for you to make graphs 
for your own city or State similar to figure 48, page 93. 

How to keep well. What shall we do to keep the body in 
good condition? Breathe through the nose. Eat enough 
dean, wholesome food. People who are undernourished are 
more apt to fall prey to disease than others. Get plenty of 
sleep. Most people need at least eight hours sleep every night, 
and young people usually require nine or ten. Try to have 
dean surroundings. Get out of doors as much as possible and 
have your living-room ventilated properly. Arrange to have 
some exerdse every day, preferably in the open air. As to the 
things not to do, avoid drinking alcoholic beverages. Do not 
smoke. Avoid excesses of all kinds in exercise as well as in eating. 

Effects of alcohol and tobacco. Smoking irritates the lining 
membrane of the lungs and air passages. Alcohol also weakens 
the organs of breathing and makes them susceptible to disease. 
Physicians know that a person who drinks is less likely to 
recover from pneumonia than one who abstains. Although 
smoking and "drinking" cannot in themselves cause consump¬ 
tion, it is true that many have died from this disease who have 
weakened their bodies by such habits. 

The effect of the continued use of alcohol on the body is 
fourfold. First it acts as an irritant, then as a stimulant, later 
as a depressant, and finally i t paralyzes the nerve centers. The 
effect varies with the individual and the bodily condition. Any 
idea that the drinking of alcohol serves to protect a person 
against disease is entirely wrong. By it the body is in time 
weakened, so that it is less able to recover from the effects of 
disease. Not only are diseases of the lungs and breathing 
system especially dangerous in the case of the drinking man, 
but many other diseases find him susceptible to attack. 

Facts collected by life insurance companies show that the 
use of alcohol shortens life. Among persons who use alcohol 
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to excess the mortality is distinctly high. The death-rate 
from suicide and accident is much higher than normal, also. 

The President of the Association of Life Insurance Medical 
Directors of America draws the following conclusion after a 
thorough study of-the effects of the use of alcohol on the length 
of life of over 15,000 clerks, 22,000 merchants, 13,000 salesmen, 
27,000 farmers, and 5000 factory superintendents: 

"The investigation shows that, roughly, the average mortal¬ 
ity among total abstainers from alcohol is 68.4 per cent, whereas 
that of the non-abstainer is 91.5 per cent, a difference of 23.1 
per cent. This means a reduction of about two and one thir6 
years in the average life of the non-abstainer, below that of 
the abstainer." 

How to care for the sick. The facts already mentioned 
about keeping the body in good condition apply to every one. 
There are some special facts that those who have to take care 
of sick persons should know. There is no personal danger, 
providing one follows certain rules, in caring for a consump¬ 
tive or a person suffering from pneumonia or diphtheria. 
Cleanliness is most important. It is necessary to destroy the 
bacteria that the sick person gives off. In coughing or sneez¬ 
ing the droplets of moisture that are expelled are very apt to 
contain the living organisms. Some of them may even float in 
the air for a distance of several feet from the person who sent 
them out. 

Whatever the disease may be that your patient is suffering 
from, .certain rules for his care and for the protection of those 
around him should be followed, 

1. Keep the dishes and silver which he uses separate from 
those of the rest of the family. Wash them always irj 
boiling water. 

2. See that the sick room receives as much fresh air anu 
sunlight as possible. 

3- Disinfect all discharges from the body especially the 
sputum of consumptives and the,intestinal discharges of 
persons ill with a contagious disease of the digestive sys¬ 
tem, such as typhoid fever. 
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Antiseptics and germicides. Much might be written as to 
the use of antiseptics and germicides, substances having the 
power either to weaken or to kill bacteria, and the methods of 
sterilizing dishes, knives, forks, clothing, etc., that have been 
used by the patient. These subjects offer excellent oppor¬ 
tunities for special projects. 

By antiseptics we mean those substances, like hydrogen 
peroxide, mercuric chloride, iodine, carbolic acid, etc., which 
in weakened solutions do not harm the outer defenses of the 
body, although they are able either to kill or at least to weaken 
the bacteria found there. Such substances may be applied 
directly to the human body. Germicides are stronger sub¬ 
stances. They may be the same substances as antiseptics only 
in stronger solutions or they may be entirely different sub¬ 
stances, which are not safe to use upon the body. They are 
employed to kill the bacteria which have been given off from 
the patient. Such materials as formalin, chloride of lime, and 
the other substances already mentioned are examples of 
germicides. 

The most common method of sterilization is to place the 
materials to be sterilized in boiling water or steam for fifteen 
or twenty minutes. 

If at any time you have to help take care of an ill person the 
doctor will doubtless tell you just what is to be done so that 
you will not be in great danger of getting the disease. Doctors 
and nurses have to come into contact with ill people a great 
deal, and yet they almost always are able to avoid diseases by 
taking just such precautions as we have mentioned. 

C. COMMUNITY HYGIENE 
Problem 10: A sanitary survey of the school. ( Class .) 

Directions: Are all the conditions at your school favorable for health? 
Find out by making a survey. Do not write in this book, bu t make a copy 
of the following form. Then mark a cross in the proper column, and give 
2 points credit for each "yes. 1 ' What score does your school deserve? 

(Note: Although not all the points noted in the table are directly 
related to “Air and Health," this is a suitable place to summarize 
and apply related facts.) 
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Ym No 


I, Ventilation) 

x. Are the rooms well ventilated? 

2. Does the air smell dean and fresh? 

3. Is there some method for humidifying the air, that 
is, adding moisture to it? 

4. Are the rooms well aired at recess? 

II., Lighting 

5. Are the rooms evenly lighted? 

6. Are the desks so placed as never to face direct sun¬ 
light? 

. 7. Are dark window-shades avoided? 

8. Is the tinting of the walls light? 

9. Is the ceiling lighter than the walls? 

10. Does all the light come from one side, the left? 

11. Do the windows reach within a foot of the ceiling? 

12. Are the seats in the darkest side of the room no 
farther than twenty-four feet from the windows? 

(II. Temperature 

13. Is the temperature kept over 65°, and less than 70 0 ? 

14. Is there a thermometer in each room? 

15. Is a daily temperature chart kept in each room? 
IV. Cleaning and sweeping 

16. Has the feather duster been discarded? 

17. Is a damp cloth used for dusting? 

18., Are the windows washed at least three times a 
year? 

19; Has dry sweeping been abolished? 

20. Are the floors oiled at least twice a year? 

■’ 21. Are the .rooms well aired at the time of cleaning? 

22. Are the desks and all articles of furniture kept con¬ 
stantly clean? 

23. Are desks washed with a disinfectant when neces¬ 
sary? 

V. The pupils themselves 

24. Are pupils required to keep their hands and faces 
clean? 

25. Is the clothing of the pupils reasonably clean? 

26. Are pupils with poor eyesight seated near the front? 

27. Are deaf pupils seated near the front? 

28. Are pupils with skin diseases excluded? (Pimples 
do not ordinarily indicate serious disorder,) 

29. Are pupils with serious colds excluded? 

30. Is there any health supervision of pupils? 
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Yes No 

31. Is there a school nurse? 

32. Is hygiene taught? 

33. Are the desks adjustable? 

34. Are they adjusted to the size of the pupils? 

VI. General sanitation 

35. Are paper towels provided? 

36. Is liquid soap provided? 

37. Are there any shower-baths? 

38. Are drinking-fountains provided? 

39. Has the common drinking-cup been abolished? 

40. Has the common hand-towel been abolished? 

41. Is there a comfortable luneh-room for pupils? 

42. Is there a comfortable rest-room for teachers? 

43. Is there a “First-Aid " emergency outfit supplied? 

44. Does anybody know how to use it? 

45. Are toilets clean? 

46. Are toilet-rooms well ventilated? 

47. Is the basement light and dean? 

48. Are the school grounds kept perfectly clean? 

49. Is the drinking-water safe to use? 

50. Are ventilated coat-closets provided? 

Questions: It would do little good to make a sanitary survey, and then 
stop, unless, of course, your score is 100. What can you do to improve 
conditions? If another survey is made at the end of the school year, 
how much can you add to the score? 


Problem 11: A sanitary survey oj my home, {Home.) 

Directions: Give 4 points for each “yes,” Make your marks on a copy 
of this form. 


I. Sunlight and ventilation 

1. Has the house good exposure to the sun? 

2. Can air circulate through every room? 

3. Are the rooms most used on the sunny side of the 
house?' 

II. General interior 

4. Does the indoor air seem fresh and odorless? 

5. Are there at least two outside windows to a room? 

6 . Are the windows screened during the fly season? 

7. Is the heating system adequate to keep the tem¬ 
perature of the house at 65®? 

8. Does the heating system furnish fresh air? 


No 
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Yes No 

9, Is the house large enough for the comfort of its 
occupants? 

10. Can the floor coverings be easily removed for 
cleaning? 

ix. Has the feather duster been discarded? 

12. Are the floors clean and smooth? 

13. Do the toilets have an outside window for ventila¬ 
tion? 

Ill, Sleeping-rooms 

14. Are there fewer than three occupants to a room? 

15. Do the bedrooms all receive sunlight, at some time 
in the day? 

16. Are there windows on more than one side of each 
room? 

17. Are the windows kept Open at night? 

18. Is the bed placed where the air circulates freely? 

19. Are the bed coverings frequently aired and 
cleaned? 

IV. The kitchen 

20. Are the windows screened? 

21. Has the stove a ventilating pipe? 

22. Is the floor kept clean? 

23. Is the ice-box cleaned out at least once a week? 

24. Are clean hand-towels provided? 

25. Are the eating utensils of sick persons cleansed 
in .boiling water? 

Question: What can you do to improve your home conditions? 

What the community can do to prevent illness. There are 
many things that communities can do. We shall mention only 
a few. They should have laws which should specify just how 
tenement houses must be constructed so as to insure proper 
ventilation. Communities should provide through free hoS' 
pitals and dispensaries for the care and treatment of those who 
cannot afford,to pay for the services of physicians. They 
should quarantine those who have contagious diseases so that 
the diseases will not be spread, They should provide for the 
education of the people in sanitation, giving, for example, the 
reasons why spitting should be prohibited and why the public 
drinking-cup and the common towel should be abolished. 

A healthy community is made up of healthy individuals, 
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Elsewhere in this book you will learn how people keep them¬ 
selves healthy by such things as clean drinking water, pure 
food, proper sewage disposal, the careful heating and ventilat¬ 
ing of homes, and proper clothing. You will discover, too, 
•unsuspected ways in which modern means of housekeeping and 
of communication and transportation influence community 
health. 

What you can do to help the community. There are many 
ways in which the citizens of a community, even the young 
citizens like yourself, can help to keep it healthful. The first 
and most important thing is to keep healthy and vigorous 
yourself. You must eat plenty of good food, get plenty of 
sleep, and have plenty of vigorous exercise, in the open air if 
possible. One very useful service is helping to keep the streets, 
parks, and alleys clean. Another valuable service is to help in 
fly and mosquito campaigns. The Red Cross renders wonder¬ 
ful service in fighting tuberculosis and other diseases, and your 
help is always welcome at the time of their membership cam¬ 
paign, and in time of special emergencies. Perhaps your own 
community hospital needs assistance in raising funds. Can 
you not render a valuable service there? 

REVIEW OUTLINE 

A. Ventilation 

1. The value of fresh air 

2 . Four factors which control ventilation 

0. Circulation of air 

l. Temperature of air 

(1) Thermometers 

(a) Principle 

(b) Scales 

(2) Relation between temperature and the amount of 
water vapor in air 

c '. Humidity of the air 

(1) Absolute humidity 

(2) Relative humidity 

(3) Indoor humidity 

d. Foreign materials in the air 

(1) Dust 

(a) Best ways of cleaning and dusting 

(2) Gases 
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B. Bacteria 

1. In air 

2. Description 

3. Their effects on the human body 

a. How they enter 

h. How they attack the body 

c. How they increase in number 

d. How the body defends itself 

(t) The external defenses 
(2) The internal defenses 

(a) Example — the toxin-antitoxin treatment for 
diphtheria 

4. Bacteria present in healthy people 

a. Importance of keeping in healthy condition 
(1) How to avoid colds 

5. How bacteria are spread 

a. Seasons in relation to the prevalence of disease 

6. How to keep well 

a. What to do 

b. What not to do 

(1) Effects of alcohol and tobacco 
How to care for the sick 

a. Importance of cleanliness 

b. Antiseptics and germicides 

C. Community health < 

1, What the community can do to prevent illness 

2. What you can do to help the community 

INDIVIDUAL PROJECTS 

Working projects: 

1. Organize a Health Club. Elect officers, and appoint committees 
with definite duties. Hold regular meetings with carefully pre¬ 
pared programs. 

2. If your teacher approves, have health officers in each class, with 
regular duties, such as: (1) Keeping a temperature record, reading 
the thermometer at regular intervals and recording the readings on 
the blackboard or on a chart; (2) Testing the ventilation by step¬ 
ping out into the fresh air, returning and noting if the air in the 
schoolroom seems "close"; (3) Reading the hygrometer (wet- and 
dry-bulb thermometer) at regular intervals; (4) Seeing that the 
room is free from dust. 

3. Watch the newspapers every day for a week, clipping any news 
article that has to do with the subject of community health. 
Paste the clippings into your notebook, noting the name of the 
newspaper, the date, and a brief summary of the item, At the end 
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of the week try to draw some general conclusion from the articles 
you have found. 

4. Make health posters, and post in a prominent place. 

5. Make a sanitary survey of your neighborhood, using Problems to 
and 11 as a help. 

6. Find out the yearly per capita expenditure of your town or city for 
health expenditure; compare with the expenditure for fire and po¬ 
lice protection, 

7. If there is a "Health Center" in your community, find out what 
it does for the health of the people. 

Reports: 

1. Additional facts about bacteria. 

Bacteria, Yeasts, and Molds in the Home. H. W. Conn. Appleton. 

' Preventable Diseases. Woods Hutchinson. Houghton, 

Primer of Sanitation. John W. Ritchie. World. 

1 The Story of Gem Life. H, W. Conn. Appleton. 

Wonders of Science, School (pp. 86-96). E. M. Tappan. Houghton 

2 . Materials found in dust. 

Dust and its Dangers. T. P. Prudden. Putnam. 

The Kingdom of Dust. J. G. Ogden. Popular Mechanics Co. 

3. How culture media are prepared for growing bacteria in the labora¬ 
tory. 

4. Disinfectants and their uses. 

5. Robert Koch, the discoverer of the tubercle bacillus. 

6. How my town fights tuberculosis. Interview the Board of Health 

7. What my town does for community health. 

8. The work of the United States Public Health Service. 

9. Pasteur and bacteria. 

The Life of Pasteur. R. Vallery-Radot. Doubleday. 

10. Interesting temperatures. 

Measurements for the Hotisehold. Bureau of Standards Circular No 
55 (P- 67). 

BOOKS THAT WILL HELP YOU 

Adventuring for Health. Metropolitan Life Ins. Co, 

American Red Cross Textbook on Elementary Hygiene and Home Care of the 
Sick. J. A. Delano. Blakiston. 

Bacteriology of the Home. A, L. Johnson. Manual Arts. 

Colds. 1 Keep Well Leaflet. Life Extension Institute, New York City. 
Community Hygiene. Woods Hutchinson. Houghton. 

Consumption. Metropolitan Life Insurance Co. 

The Daily Health Builder. C. W. Crampton. Putnam. 

Microbe Hunters. Paul de Kruif. Harcourt, 

The Health of Youth. F. L. Meredith. Blakiston. 

How to Live, Fisher and Fisk. Funk. 

The Human Body and Us Care. Newmayer and-Broome. American. 

The New Handbook of Health, Woods Hutchinson. Houghton. 

Reports of American Child Health Association, 370 Seventh Avenue, N.Y 
Reports of the New York State Ventilation Commission. 

Reports of the Russell Sage Foundation on Open-Air Schools. 

Reports of United States Public Health Service. Washington, D.G 
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WATER IN OUR HOUSES 

Water a necessity of life, Water, because it is such a common 
thing, is often not appreciated. We are so accustomed to find 
it directly at hand whenever we are thirsty or wish to wash our 
faces and hands, that we usually do not stop to think how very 
necessary it is, not only for our comfort and well-being, but for 
life itself. All life, both plant and animal, is directly dependent 
upon a supply of water. Without it all life-activities would soon 
cease; man and other animals would die; vegetation, the source 
of animal food, would wither; and the earth would become 
barren. 

Because of this dependence of man upon an abundant water 
supply, the history of the development of civilization may al¬ 
most be read by tracing the means by which man has obtained' 
water. When he was in a savage state, he sought water in much 
the same haphazard way in which he sought his food. Later he 
learned how to dig wells and to make reservoirs in which to keep 
water for times of drought. The pioneers in this country fol¬ 
lowed the water courses, and built their cabins near the springs 
and streams that they found. Now, in this age of twentieth- 
century civilization, when people live together in great com¬ 
munities, it is necessary to solve vast engineering problems in 
order to provide abundant, pure water supplies. We find huge 
reservoirs for the storage of water which has been brought to 
them from sources many miles distant. These reservoirs are in 
turn, connected with private homes by means of aqueducts and 
pipes, All this has been done because man has been made to 
realize, from an experience covering hundreds and thousands of 
years, that water is essential to his life and happiness* 
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Modem cities must make extensive provisions for water. 
The supply must be large enough to meet the needs of the 
fire department, the street cleaning crews, the sewage system, 
and the public swimming pools. Railroads, factories, hospitals, 
and laundries also consume large quantities; and there must 
be plenty for use in homes and in places of business. 

Individual problems. The problems of this chapter deal 
largely with your supply of water at home. If they do not ap¬ 
ply to your own conditions, can you not devise similar problems 
which will help you to a thorough understanding of the water 
supply of your home and of your community? Make investi¬ 
gations yourself; talk the matter over with your father and with 
others who understand the situation. Do not be content to 
read about how other people get their water in other places; 
find out exactly how you get your water. 

If you live in a large town or in a city, you will enjoy a trip 
to the pumping station with the class, with your father and 
mother, or with a group of friends. Suggestions for such a 
trip are given in problem I. You can find how the water has 
been brought into your house for your use by working out 
problems 2, 3, and 4. If you have a hot-water system at 
home, you will understand how it works after you have per¬ 
formed problems 5, 6, 7, and 8. You can learn interesting 
facts about water as a substance by trying problems 9, 10, 11, 
12, and 13. 

Cities, States, and the Federal Government all employ ex¬ 
perts who help in furnishing a pure supply of water to the 
people of the Nation. Many such employees have spent years 
in preparing for their work. In high school they have studied 
physics and chemistry to learn the general principles; and then, 
in college or technical school, have taken advanced courses in 
chemistry and bacteriology to find out how to recognize im¬ 
purities; or in engineering, to find out how to get the water 
from its source to the place where it is needed. Perhaps some 
of you may one day do this kind of work, At any rate, you can 
learn something of what has been done alqpg this line, and re¬ 
port what you have' learned to the others in the class. The 
individual projects on page 134 will give you some suggestions. ‘ 
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THE PROBLEMS 

A. On the water supply of our homes. 

1. A trip to the pumping station anri waterworks to 

learn about the city water supply. 

2. To trace the cold-water piping system of my house. 

3. Why does water rise in pipes? 

4. How does a water faucet work? 

5. How iB water affected by heating? 

6. How is my house supplied with hot water? 

7. How is water in a hot-water tank heated? 

8. To trace the hot-water piping system of a house, 

9. To note any change of volume when water freezes. 

B. On water—pure and impure, 

10. To decompose water by electricity. 

11. Is the water at home hard or soft? 

12. To compare the purity of tap water and boiled water. 

13. To purify water by distilling it. 


A. THE WATER SUPPLY OP OUR HOMES 

Problem 1: A trip to the pumping station and waterworks to lean 
about the city water supply. ( Class or group pro • 
ject.) 

Directions: At the time of your visit to the waterworks find the an¬ 
swers to the following questions about the water supply of your town or 
city. 

1. Where does the water come from? 

2. How is it brought to the pumping station? 

3. Is there a reservoir or standpipe? For what purpose? 

4. How does the water get into the reservoir? 

5. What precautions are taken to prevent impurities in the water? 

6. How are the water mains and other pipes kept from freezing? 

7. In case of a fire in the town, how high can water be thrown from a 
hydrant without an engine? 

Summary: Write a letter to a friend who lives in the country explain¬ 
ing how you get your water supply. 

Problem a; To trace the cold-water piping system of my house, 

{Home.)* 

(Noie: Perhaps your father will help you with this problem.) 




The Water Supply of Our Homes 


113 


Directions: 

1. Find out where the water enters your house from the city pipes. 
Is it possible to shut off the water supply from the house? Why 
might it be necessary to shut off the supply? 

2. Trace the main supply pipe. Where does it lead? Is it the same 
size as the other water pipes? 

3. Locate and count the number of cold-water faucets in the house. 
Is there any connection between the number of faucets and the 
amount of the water bill? 

Summary: Do you understand the different parts of the cold-water pip¬ 
ing system so that you can adjust any part which may get out of order? 

Problem 3: Why does water rise in pipes? (Class.) 

Directions: Arrange an apparatus like figure 52, consisting of three ■ 
lamp chimneys, rubber stoppers, pieces of glass tubing, and rubber 
tjbing. Let three mem¬ 
bers of the class support 
the chimneys upright. Let 
anothermemberpourwater 
into one of the chimneys. 

What happens in the other 
chimneys? 

Hold A a little higher 
than B and C. What hap¬ 
pens? 

Hold B a little higher. 

What happens? 

Hold C a little higher. 

Is the result the same? 

Empty the water from Fig. 52. Water level in connecting pipee 
the apparatus. Replace 

chimney A with a piece of glass tubing drawn out to a jet at one end. 
Run water into C, holding the jet higher than the chimney tops. What 
happens? 

Put your finger over the end of the jet, and lower the jet to the level 
of the bottom of the chimneys. Remove your finger. Explain what 
happens. 

Summary: What do you observe about the level of water in connect¬ 
ing pipes? 

Questions: 

1. Why does the water rise in the water pipes in your house? 

2. What causes water to flow from a faucet? 
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3. What effect has friction in the pipes on the force with which water 
flows from a faucet? 

4 . Explain the flow of a fountain. 

Problem 4 : How does a water faucet work? (Class and Home.) 

Directions: Secure faucets of different types from a plumbing house. 

It is sometimes possible to get samples 
which are sawed in parts for demon¬ 
stration purposes. Study also the fau- 
A U ~ _lr 1 cets in your own home. 

1. The screw type. 

What is the effect when the 
handle is screwed down? 

What is the effect when the han¬ 
dle is screwed up? 

What are the advantages and 
disadvantages of this type of 
faucet? 

How may a new washer be in¬ 
serted when necessary? 

2. The compression type. 

How far will the handle turn? 
What is the effect when the 
handle is turned in the other 
direction? 

What prevents the water from 
flowing when the faucet is closed? 
What are the advantages and 
disadvantages of this type of 
faucet? 

3. The spring type. 

What is the effect when the 
handles are brought together? 
What keeps the water from 
flowingwhen the faucet isclosed? 
What are the advantages and 
disadvantages of this type of 

faucet? 

Summary: Make a careful drawing in 
F, compres- your notebook of the kind of faucetused 
’ ’ 8pnng type ' in your home, and explain how it works. 
Problem 5: How is water affected by heating? (Class.) 

Directions: 

Part x: Pour water into a flask until it is full. To see the results 




Fig. S3- Three types of 
water faucets 
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more easily, put a little coloring in the water. Close the fiask with a 
one-holed rubber stopper fitted with a glass tube about a foot long. 

Heat the flask. What happens 
to the water? Why? 

Part 2: Balance two empty flasks 
on delicate scales. Pour cold 
water into one flask, and an equal 
volume of hot water into the other. 

Do the flasks still balance? How 
do you explain this? 

Conclusions: 

1. How does heating affect the 
volume of water? 

2. How do equal volumes of hot 
water and cold water compare 
in weight? 

Questions: 

1. Why does water sometimes 
flow out of a tank overflow pipe 
when a fire is started in the 
kitchen range? 

■ 2. Why does water sometimes overflow from the radiator of an auto¬ 

mobile after the engine has been running some time? 

Problem 6: How is my house supplied with hot water? {Home.) 

Directions: Examine the hot-water tank or “boiler" in your house. 
How many pipes'are connected with it? By what means is the water 
heated? 

Feel the pipes while the water is being heated. Which is carrying 
cold water? Which is carrying hot water? 

Find the pipe which carries the cold water from the city water supply 
into the "boiler." 

Find the pipe which carries the hot water to the hot-water faucets 
in different parts of the house. 

Feel the sides of the tank. Where is it hottest? coolest? Can you 
account for the difference in temperature? 

Summary: Make a careful drawing of the hot-water heater in your 
home with its connections. Label all its parts. 

Problem 7: How is the water in a hot-water tank heated? {Class.) 

Directions: A model of a hot-water tank may be made as follows: 
Solder one metal tube to the bottom of an ether can, another to the 
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side, and another to the top. By bending glass tubing and connecting 
it with rubber tubing arrange an apparatus like the diagram, Use a 
funnel tube and stop-cocks. 

What part of your apparatus represents the tank? the stove? the 

pipes to and from the stove? the 
hot-water pipes? a hot-water 
faucet? the overflow tank? 

Fill tiie apparatus with water, 
making sure that the can and 
tubes are entirely full and free 
from bubbles, and the bulb of the 
funnel tube is half full. Have 
the faucet stop-cock closed and 
the overflow stop-cock open. 

Heat the corner of the glass 
tubing. Drop a few grains of 
carmine or other coloring matter 
into the top of the funnel tube. 
Watch carefully. Explain every¬ 
thing that happens. 

After several minutes, open 
the faucet stop-cock. What, 
happens? Explain. 

Make a careful drawing of the 
Fig. 55. A model of a hot-water apparatus. Show by arrows the 
tHiifc movement of the water. 

Question: How is a fire in a 
stove able to heat all the water in a tank some distance away? 

Problem 8: To trace the hot-mter piping system of a house. 
(Home.) 

Directions: By what means is water heated in your house? 

Find the pipe which carries the heated water from the tank. 

How many hot-water faucets are in the house? Trace the pipes 
which supply each faucet. 

Is it necessary to run the water for some time before hot water runs 
from the faucet? Why? 

Is the pressure which forces water out of the faucets furnished by a 
tank at the top of the houBe or by the city system? 

Summary: Make a careful diagram showing the hot-water connections 
in your kitchen. 

Questions: 

t. Why are water-supply tanks placed as high as possible in houses? 
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2. What are the disadvantages in having water pipes located next to 
the outside walls of a house? 

Problem 9: To note any change of volume when water freezes. 

(Home.) 

Directions: Fill a small jar which has a tight cover with water, being sure 
that no bubbles of air can be seen in the jar when the cover is fastened 
on. If the temperature is below 32° F., set the jar out-of-doors, If 
the thermometer registers above the freezing point, set tile jar in a 
fr eezi ng mixture of two parts chopped ice and one part salt. Examine 
the jar after the water has frozen. 

Questions: What happened? What is the effect upon the volume of 
water when a given quantity freezes? 

The importance of a supply of pure water. Even to primi¬ 
tive man the necessity for obtaining a supply of pure water 
must have been apparent. When in the course of the develop¬ 
ment of mankind people began to live in tribes, it was usually 
their custom to settle along the banks of some stream and then 
apportion strips of land to families, each family having some 
land bordering on the stream. They would cultivate the fields 
in a simple way, use the forests for wood, and after a time mi¬ 
grate to another district where they could have the same gen¬ 
eral conditions that were necessary for existence. If they did 
not live along the banks of streams, they were obliged to settle 
near lakes or springs or else dig wells, and thus tap under¬ 
ground springs and streams. It was not until comparatively 
recent years that reservoirs were generally constructed for the 
storage of water, although some were built in ancient times in 
India and a few other places. 

New York City may be taken as an example of how a modern 
city has been forced to solve an increasingly difficult problem in 
obtaining an abundant supply of pure water. Starting as a 
small town, New York was at first able to meet the demands of 
its citizens for water by using the springs and streams near at 
home and by digging wells. As the city has increased in size, 
it has been necessary to go farther and farther away from the 
city in order to get enough water, The Catskill Aqueduct 
now brings the water from more than a hundred miles away. 
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Water pressure. Have you wondered how it is possible for 
water to come out of the pipes in your house with such force? 
If you live in a city your water probably comes to you from a 
source many miles away. It is sent through underground pipes 
and supplied to thousands of faucets. The pressure which 
forces the water out is furnished by water stored in some high 
reservoir or standpipe, or by pumps. 

A city water supply must be under pressure, not only in order 
that the water may be used in the upper floors of tall buildings, 
but also to help in fighting fires. To understand how a stand¬ 
pipe may furnish pressure, you must know something of the way 
that water behaves. You know that water has weight. One 
cubic foot of pure water weighs 62.5 pounds. When water is 
one foot deep, therefore, it presses down with a weight of 62.5 
pounds on every square foot. If a standpipe 100 feet high is 
full of water, the pressure on the bottom is 100 times 62.5 
pounds, or 6250 pounds on every square foot. 

One fact to be remembered about water pressure is that the 
pressure is equal in all directions, Halfway down a 100-foot 
standpipe the pressure on each square foot is 50 times 62.5, or 
3125 pounds. This pressure is exerted with the same force 
upwards and sidewise as well as downwards. The water 
presses against the sides of the standpipe with just as much 
force as it presses downwards. Engineers must reckon on such 
a sidewise pressure when they build standpipes, in order to 
make the walls strong enough to stand the pressure. 

. If the height of the water in the standpipe varies, the pressure 
in the pipes leading from it to the houses also varies. Perhaps 
you have noticed that at times the water comes from the faucets 
in your house with greater force than at other times. If you 
have a standpipe in your town, you can account in this way for 
some of the variation in pressure. 

It may not be evident to you yet why the water rises in the 
pipes in your house, no matter how high above the ground the 
rooms are, It is because, as stated above, water presses in all 
directions. The pipes in your house are connected with larger 
pipes in the street, and thus with the standpipe or reservoir. 
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If the pressure in any part of the connecting pipes is greater 
than in other parts, that pressure tends to push down, up, and 
sidewise with equal force, and thus to cause a movement of the 
water. If an opening is given the water, as when a faucet is 
turned, the pressure pushes the water up and out of the faucet. 
If the faucet were above the level of the water in the standpipe, 
no water would flow out. This action of the water is dependent 
upon the principle: water seeks Us own level. (See figure 56.) 



Fig. 56. A water system dependent on both gravity and pumping 

Notice that the tallest building has a small standpipe of its own to furnish 
fire protection. Water must be pumped to this tank. 

The explanation in this paragraph for the water pressure in 
your pipes applies only if your, community has an elevated reser¬ 
voir of some kind. In some places the water is pumped directly 
into the pipes. Pressure in such a case is furnished by the 
pumps. 

Sources of drinking-water. The source of the water which is 
supplied to your house may be (1) rain, (2) a spring, (3) a shal¬ 
low well, (4) a deep driven well, (5) an underground stream, (6) 
a mountain stream, (7) a large river, or (8) a lake. 

In Bermuda the only source of drinking-water is the rain. 
Most houses have roofs made of fluted tiles, so arranged as to 
conduct the rain water into a cistern at the side of the house. 
Rain water is not especially pure, since it may contain impuri¬ 
ties from the air. 

Springs may furnish clear, sparkling water which yet may be 
impure. Country houses often obtain their water from springB. 
The end of a pipe is laid in the spring; the water may be pumped 
by a gasoline engine to a tank, which is sometimes placed on top 
of the house or barn; and the water either flows from the tank 
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into pipes by its own weight or is pushed out by the pressure oi 
compressed air in the top of the tank. Whether water comes 
from springs, wells, or streams, water in a rural district may be 
obtained easily and economically by pumping it thus to a tank. 

Wells are unsafe if shallow, especially if they are situated near 
cesspools, outhouses, or manure piles. Waste matter may soak 
through the soil and run into the well, because the layers of soil 
and rock may be so arranged that drainage lakes that direc¬ 
tion. As such waste matter does not usually soak very far into 
the ground, deep "driven” wells and artesian wells are not 
likely to contain impure water. Some towns, as well as separate 
houses, get their water supply from artesian wells. The rock is 
bored until a porous layer is reached which outcrops on some 
distant hillside. Since water seeks its own level, and since the 
pressure is exerted in every direction, the water may be forced 
to the upper floors of houses and even much higher. In general, 
surface water, whether obtained from wells or from streams, is 
more apt to contain impurities than water obtained from under¬ 
ground streams or springs. 


• , v,' 
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Fig, 57- Intake of Los Angeles aqueduct 
Source of the water supply in the background 




The water of mountain streams is usually pure esoeciallv if 
the region is uninhabited. 
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many miles through aqueducts from distant mountain districts. 
The water usually flows to the city because of its own weight. 
Such a system is therefore called 
a gravity system. Los Angeles, 

California, and Denver, Colo¬ 
rado, obtain their water in this 
way.- A gravity system is es¬ 
pecially fitted for a mountainous 
region. 

Cities located on plains usu¬ 
ally obtain their water from 
lakes or rivers. Such water is 
apt to be impure, and should al¬ 
ways be filtered before entering 
the pipes. In most cities of the 
plains there is a pumping system, 
whereby the water is pumped 
through the main pipe lines 
into the houses. Cities on the 
Great Lakes — for example, 

Cleveland and Buffalo — which 
must also empty their sewage 
into the lake, pipe their water 
from "cribs” five miles or more 
from shore, in order to obtain as pure water as possible. Chi¬ 
cago, in order to keep its water supply from the lake pure, 
has spent great sums of money to construct the "drainage 
canal" which carries its sewage away from the lake into the 
Mississippi River system. 

In hilly parts of the country a combination of the gravity and 
pumping systems is used. New York obtains its water from the 
Catskill Mountains. The water flows through the aqueduct by 
its own weight, but is pumped to the. buildings. Boston obtains 
its water from a series of lakes miles away. After it flows to the 
city by gravity, it is pumped either directly into the pipes to the 
houses, or to standpipes from which it flows to the houses by 
gravity. 



Fig. 58. The inverted siphon oi 
the Los Angeles aqueduct 
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A house piping system. The water pipes in a house may be 
divided into the cold-water supply pipes and the hot-water sup¬ 
ply pipes. The cold water comes directly from the city pipes in 
the street. The main Supply pipe has several branches which 
lead to the cold-water faucets and the closet tanks. If the cold- 
water pipes are all of the same size, the turning-on of one faucet 
is apt to lessen the pressure from the other faucets. To prevent 
this the main supply pipe should be larger than the branches. 

Faucets are used to control the flow of water from the pipes. 
Three of the commonest types are the screw, the compression, 
and the spring. (See problem 4 on page 114.) 

A hot-water heater. The hot-water supply is usually fur¬ 
nished by a device in the house. The water may be heated by 
circulating through the kitchen range, by a heating coil in the 
furnace, or by circulating through coils heated by kerosene, gas, 
or electricity- 
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One of the commonest ways of heating water is the tank or 
" boiler ’ ’ connected with the kitchen range. (See the diagram.) 
In order to understand how the 
water in such a tank is heated, 
we must know the difference HOT WATER 
in behavior between hot and GOES OUT 
cold water. Hot water is 
lighter than cold water. A quart 
of hot water weighs a little less 
than a quart of cold water. 

The temperature at which 
water is heaviest is 4° Centi¬ 
grade, or about 39 0 Fahrenheit. 

If hot and cold water are 
mixed, the heavier cold water 
presses in under the lighter hot 
water. Therefore hot water is 
pushed upwards, or rises. A 
circulation is thus started, by 
which in time all the water 
tends to be heated equally. 

Such a circulation is known as 
convection. (Problem 7, p. 115.) 

In the kitchen hot-water 
tank connected with a range, 

the water is heated in the waterfront or water hack, so named ac¬ 
cording to the part of the stove where the coils are located. As 
soon as the water in the stove is heated, cold water presses ir 
from the lower part of the tank and forces the heated water back 
into the tank. In the tank it rises to the top. Can you under¬ 
stand now why the pipes leading to the hot-water faucets leave 
the tank near the top? 

The name ''boiler” is a wrong name, since the water should 
never boil in the hot-water tank, because the expansion of water 
to steam might cause the tank to burst. In case the water 
should become heated to the boiling point, it may be cooled 
by allowing more cold water to enter the tank. This result 



Fig, 60. A hot-water tank Con- 
nected with a coal range 
Trace the course of the water. 
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day. be accomplished by drawing off some of the heated water 
from the faucet, thus allowing more cold water to enter the tank. 

The danger of water 
freezing in pipes. Did 
you ever let a bottle of 
waterfreeze? Whathap- 
pened to the bottle? 
One peculiar thing about 
ice is that it takes up 
more space than the 
water from which it 
came. It is very fortu¬ 
nate that this is so. 
Since water expands in 
changing to ice, a Certain 
volume of ice — for ex¬ 
ample, a quart — is 
lighter than the same 
volume of water. Ice 
therefore rises to the top 
of water. If it sank in¬ 
stead of rising, the ponds 
and rivers would be 
KmpokCo, solid ice in the winter, 
Fig. 61. An automatic gas water heater and many fish and water 

The thermostat is set for a certain tempera- plants would die. 
ture. When the water in the tank cools below 1 , 

this temperature, the thermostat operates a -1 he reason that ice 

' mechanism which allows sas to flow out at takes up more space 

the gas burners. This gas is immediately . , , ,, 

lighted by a small pilot light, and heats the than water is thought to 
water in the coils until the desired tempera- be due to the way in 
ture is reached throughout the tank. , , , , , , 

which the particles are 

Arranged. Ice is made of crystals, as you can see by examin¬ 
ing the frost on a window pane. The particles of a crystal are 
arranged in beautiful patterns, and of course take up more space 
than if they were lying side by side. 

The temperature at which water freezes is definite, so that 
thermometers are marked by it. The freezing point on the Cen* 
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tigrade thermometer is zero degrees; on the Fahrenheit ther¬ 
mometer, 32 degrees. (See page 87.) If you should start with 
some warm water and gradually cool it, you would find that the 
mercury would fall until the water began to freeze; it would 
then stay at the freezing point until all the water was frozen, 
when it would begin to fall again. The temperature at which 
water changes to ice is the same as that at which ice changes to 
water; it may be called either the freezing point or the melting 
point. Which of the following temperatures are below freezing: 
3° C., xo° F., 17 0 C., 39° F.,-6 0 C., ai° F.? 

Great care must be taken in the winter that the water does 
not freeze in the pipes. Many disastrous explosions have oc¬ 
curred when people have started fires In stoves after very cold 
nights. When the water is heated, it expands. If the pipes 
connected with the hot-water tank are filled with ice, there is no 
chance for the expanding water to move, so it bursts the water¬ 
front of the stove. On very cold nights, turn off the water 
supply of the house and drain the pipes, or leave the water 
running. 

Waste pipes of the house. Quite as importantas a supply of 
pure water is the removal of waste from a house. Sewage is re¬ 
moved by a system of pipes which start from the sinks, bowls, 
tubs, and water closets and end in the city sewer or in a cesspool 
or septic tank. The principal pipe usually passes vertically 
through the house. It is called the soil pipe. Other smaller 
pipes connect all the sinks, bowls, etc., with it. The waste 
flows down the pipes by the force of gravity. 

To prevent the escape of sewer gas into the house, each bowl 
has a trap below it. A trap is a water seal. Several types of 
traps are in common use. They nearly all depend on the prin¬ 
ciples that the level of water in connecting pipes is the same, and 
that gases will not pass through this water seal when not under 
pressure. Study the traps in your own house. 

Sewage disposal. The usual method of sewage disposal is to 
allow it to be acted on by nature’s scavengers, the bacteria oj de¬ 
cay. Unlike the bacteria which produce such diseases as ty¬ 
phoid fever, these little plants are constantly helping mankind 
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by breaking down and crumbling all kinds of dead matter bo 
that it can be washed into the soil. There another helpful 
group, the soil bacteria, are waiting to attack it. 

Several devices are in use to enable the bacteria to come in 
contact with the sewage. The old-fashioned cesspool , a pit dug 
in the ground, covered over with boards and soil, is a crude 
method. If the soil is porous, and if the cesspool is located 
where the drinking-water cannot be contaminated, a cesspool is 
a fair ly satisfactory arrangement for a farmhouse or a house in 
a small village. 

A better device is a septic tank. It consists of two or three 
compartments cemented so as to be water-tight. In the first 
compartment the sewage from the house is acted on by the 
bacteria of decay. Solid matter soon becomes liquid. The 
liquid passes into the second compartment. When this is full, 
it empties into drains under the surface of the ground. They 
allow the sewage to enter the ground, where it is attacked by the 
soil bacteria. 

When a large amount of sewage must be disposed of, contact 
filter beds are sometimes used. They are beds of broken stone, 
sand, or gravel. The sewage running through the sand or 
gravel is attacked by bacteria and changed to water and harm¬ 
less matter. 

Cities which are near the ocean often have their sewage car¬ 
ried through pipes ten or twenty miles out to sea. 

B. WATER —PURE AND IMPURE 

Problem io: To decompose wpter by electricity. (Optional for 
Class.) 

Directions: Set up a Hoffman's apparatus or an apparatus like that in 
figure 62. Fill the Jar and the two test tubes with cold water, to which 
a little strong sulphuric add has been added. (The proportion should 
be three tablespoons of add to half a pint of water. Pour the acid 
slowly into the water. Cautionl) This add is used merely to hasten 
the action, 

Connect the apparatus with six dry cells, all connected from carbon 
to zinc. ^ The wire marked + in the diagram should be connected to the 
carbon in the first cell, and ths wire marked — connected to the zinc 
in the last cell of the series. 
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Watch the two small pieces of platinum. What appears on them? 
Where do the bubbles come from? 

Where do they go? Does the same 
amount of gas appear in each tube? 

After the action has gone on long 
enough to produce as much gas as is 
shown in the diagram, disconnect the 
battery. 

Test the gases as follows: Hold your 
thumb over the end of the tube while 
under water, and quickly remove first 
the tube containing the smaller 
amount of gas. Thrust a gloiring 
splint into the gas. What happens? 

What gas have you studied which 
behaves like this? 

Remove the other tube in the same 
way. Hold a biasing splint near its 
mouth. What happens? This is a 
gas you have not tested before. It is 
called hydrogen. Look carefully along Fig. 62. Separating water Into 
the inside of the top of the tube. You **■ parts *y passing an elec- 
may be able to see droplets of water trlc current through it 

which were formed when the hydro- "electrolyte,” usually sul- 
. ■, plmnc acid, must be placed in the 

gen ournea. water before, an electric current 

Conclusion: Of what two gases is w 'h pass, 
water composed? 

Question: Why do chemists represent water by the formula HaO? 

Problem u: Is the water at home hard or soft? {Home.) 
Directions: 

Part 1: Fill a pan with warm water from the faucet. Shake some soap 
in the water. Do suds appear soon? If so, the water is soft. 

Does a whitish scum appear? If so, the water is hard. 

Part 2: If the water is hard, try the following tests: 

Shake soap in water that has been boiled. Do suds appear at once? 
Temporary hard water becomes soft after boiling, while permanent 
hard water remains hard. Is the water permanently hard? 

Dissolve soda ash, washing soda, or borax in the hard water. Now 
add the soap. Is the water now hard or soft? 

Conclusion: What kind of water have you at home? 

Question: How can each of the two kinds of hard water be softened? 


O H 
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(Note to the teacher: If hard water is unknown in your community, 
soft water may be made hard, for experimental purposes, by dis¬ 
solving in it a small amount of calcium bicarbonate.) 

Problem 12: To compare the purity of tap water and boiled water 

(Class.) 

Directions: 

On two Petri dishes filled with sterilized nutrient agar, drop with a 
sterilized dropper an equal number of drops of boiled water, and water 
from your city supply. Set the dishes aside in a warm place and 
examine from day to day. 

Compare the number of colonies of bacteria that develop, as shown 
by spots on the agar. 

Conclusion: 

1 . Which kind of water contains fewer bacteria? 

2, Is boiled water safe to drink? Explain. 


Problem 13 : To purify water by distilling it. (Class.) 

Directions: Set up a distilling apparatus as shown in the diagram. Dis¬ 
til water which has been colored in some way. 



vm. a A distilling apparatus 

it reaches the lowg flas k?‘ Ch paSSeS outof t * leu PP er flask condense before 
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If a regular distilling apparatus Is not in the school, an apparatus 
may be devised by using two round pans and a round cake-tin with a 
cone in the center, as shown in figure 64. 

With stout shears slit the cone about a 
third of the way down and turn back the 
flaps. This should allow the three tins to fit 
firmly together as shown in the diagram. Fill 
the lower tin about half full with water 
containing some coloring matter. Fit the p ig> A home-made 
cake-tin over it to collect the condensed distilling apparatus 
steam. Fit the other tin over the top and 

fill with cold water. Place the whole apparatus on the stove, or over 
a gas-burner. 

Listen for the sound of boiling. In which pan is the water boiling? 
Is the water in the upper tin cold or hot when boiling is first heard? 

Boil for at least fifteen minutes. Separate the tins. What is in the 
middle tin? Explain. 

What is in the lower tin? 

Conclusions: 

1. What passes off when water is lioiled? 

2. When water containing impurities is boiled, what becomes of the 
impurities? 

Water a compound. Years ago people always thought and 
spoke of water as one of the "elements.” In 1784 a great Eng¬ 
lish chemist, Henry Cavendish, startled the scientific world by 
announcing that when he burned hydrogen gas in oxygen gas he 
obtained water as a result. Later, when electric currents came 
to be used, it was found possible to separate water into its 
elements by passing an electric current through it, as you have 
done in problem 10. 

This experiment shows that water is a compound of the two 
gases in the proportion of two volumes of hydrogen to one 
volume of oxygen. Chemists therefore represent water by the 
formula HjO. 

Hard and soft water, Some water is called '‘hard,** some 
"soft.” The difference depends upon the substances dissolved 
in the water. Hard water has dissolved in it minerals which 
prevent soap from forming a lather. Hard waters are of two 
kinds, permanent and temporary. Water that is not softened 
by boiling is permanent hard water. Temporary hard water is 
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softened by boiling. People living in sections of the country 
where the water is hard may have a water-softener installed in 
their homes to soften it for purposes of washing and bathing. 

Pure water and impure. Not only must the water supply be 
abundant; it must be pure, In large cities persons are employed 
to make frequent tests of the water to be sure that no impuri¬ 
ties have entered it If any impurities are found, the water is 
treated in such a way as to render them harmless. Water may 
be made impure in a number of ways, (r) It may have harmful 
substances dissolved in it, such as factory waste. (2) It may 
have fine materials suspended in it, such as particles of mud. 
(3) It may contain bacteria that cause disease. It is this last 
possibility that needs especially to be guarded against. Often 
it is impossible by merely looking at or tasting the water to tell 
whether it is safe to drink. The only sure way is to have it 
examined chemically and hacteriologlcally for the purpose of 
finding whether poisonous substances and disease-producing 
bacteria are present. 

Typhoid fever, a disease often spread by impure drinking- 




water. Typhoid fever, although 
often spread in other ways, is prob¬ 
ably more often spread by con¬ 
taminated water than in any other 
manner. It is caused by certain 
lands of bacteria, known as typhoid 
bacilli, which always enter the body 
through the mouth either in the 


food that is eaten or the water that 


is drunk. (See figure 65.) Typhoid 
Kg- 65. Colonies of bac- is spread by means of the wastes of 

lrft a by eV a fly* that lhe ^ iient - Food and water can be 

oyer nutrient agar Ina Petri contaminated only by being made 
dis ^ 1 filthy through receiving either di- 


- rectly or indirectly the discharges 

that have come from the body of a person sick with this 
disease, These discharges contain bacteria which produce the 
disease. It is therefore extremely necessary for the nurse or 
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person taking care of the patient to disinfect this material 
just as soon as possible after it leaves the body. If this is 
thoroughly done, the disease cannot be spread. If, however, 
through carelessness on the part of the attendant, flies are 
allowed to light upon the discharges, the bacteria may be 
transferred by them to food, and so cause the disease in 
some other person. If the infected discharges are allowed to 
enter the sewage, the bacteria may find their way into 



Fig. 66. Well water may be unsafe to drink 
Can you explain why? 


drinking-water, and indirectly into milk, oysters, and other raw 
foods. Although this disease does not cause nearly as many 
deaths in the United States as consumption or pneumonia, 
nevertheless it is one of the most common diseases. About one 
person out of five of those having typhoid fever fails to recover. 
When we know, for instance, that about 8000 people in the 
United States die eVery year from typhoid fever, we must realize 
that those 8000 deaths meant that there were about 40,000 
people ill with typhoid fever, who had to pay the doctors’ 
bills and who were probably unable to work for a period of a 
month or longer. The importance of a water-supply free from 
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any danger of such disease cannot be overestimated. City 
after city has markedly reduced the number of typhoid fever 
victims by improving its water-supply. All members of the 
army and navy of the United States were inoculated against, 
typhoid fever at the time of the World War, with such success 
that there were very few cases. How would it be possible to 
stamp out typhoid fever throughout the world? 

How water is purified, It is not always possible easily to ob¬ 
tain pure drinking-water, Insmall towns there is often not suffi¬ 
cient money to build reservoirs and carry out projects of this 
kind. It may be necessary to take the water from streams that 
are contaminated. What is to be done in such cases? 

If there is doubt as to the purity of the water, each house- 
. holder must take measures to obtain a pure supply for his own 
family. Distilled water, which may be obtained in stores, is as 
' pure as water can be. Doctors prescribe it for certain patients, 
but for most people it is not necessary to drink this kind of 
water, Distilled water is made by condensing the vapor from 
boiling water by passing this vapor through cooled tubes, where 
the condensed vapor runs out as water. Any impurities which 
the water may have originally contained are left behind in the 
vessel in which the water was boiled. 

An excellent way of purifying water in the home is to boil it, 
for this kills any bacteria it may contain. Boiled water has 
, frhat is called a "flat” taste, This may be partly removed by 
pouring the boiled water from one receptacle into another so 
that some of the air which has been removed by boiling may get 
’back again, thus restoring to the water its pleasing taste. 

Filters that are commonly used in homes for purifying 
■ Vater are usually not efficient, since they permit bacteria to 
pass through them, and hold back only the coarser materials 
in the water, which are apt to be harmless. 

Although not successful in a household, a filter may be used 
successfully in connection with the water supply of a com¬ 
munity. One of the commonest kinds of filters is the sand filter. 
It has been found that water which has passed through a prop¬ 
erly constructed sand filter is almost if not entirely purified. 
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At least the harmful bacteria are so largely removed by the ac¬ 
tion of the filter that the water is made safe to drink. Another 
way by which a town or city may purify its water is to add to it 
certain chemicals, such as chlorine, which in small amounts do 
no injury to the body, but are able to kill disease-producing 
bacteria. These chemicals also render harmless any dead 
organic matter which may be present. Thus we have seen 
that four successful methods may be used to purify the water 
which we drink: (i) distillation, (2) boiling, (3) the use of sand 
filters, (4) the use of chemicals. 

The human body needs water. Water is needed by man in 
many different ways for carrying on life-activities. (1) He 
needs water to help make his body. We can understand this 
need of the body for water when we realize that more than two 
thirds of the human body is composed of water. (2) Food must 
be dissolved or turned into a liquid before it can really become 
part of the body and help to make the blood and other body 
substances. Without water this could not be done. (3) Water 
is also needed to get rid of waste materials that are made in the 
body. This is just as important a process as the taking in of 
food. The wastes must be in a dissolved form before they can 
be passed out of the body, and water helps to put them in this 
form. 

Water as a solvent. We have learned that water is useful to 
us in dissolving parts of our food, so that it can be readily di¬ 
gested. Water has been called the “universal solvent" be¬ 
cause it will dissolve so many things. Will it really dissolve 
everything? Name some substances that you have been un¬ 
able to dissolve in water. 

Nearly as important to us as its dissolving power on food is 
the dissolving power of water on dirt. We depend on this 
power to keep ourselves and our houses clean and healthful. 
While water alone is a good solvent, its dissolving power is in¬ 
creased by adding other things to it. What substances are 
used in your house to help water remove dirt? In a later 
chapter, on “Clothing and its Care,’' we shall have occasion to 
study water as a solvent 
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REVIEW OUTLINE 

WATER A NECESSITY OF LIFE 

A. The water supply of our homes 

i. The importance of a supply of pure water 

3 . Water pressure 

. 3. Advantages and disadvantages of drinking-water obtained from 

a. Rain 

b. Springs 

c. Wells 

(1) Shallow 

(2) Driven 

d. Streams 

(1) Underground 

(2) Mountain streams 

(3) Rivers 
t. Lakes 

4. Water systems in our houses 

a. Pipes and faucets 

b. Hot-water supply systems 

c. Danger of freezing 

d. Waste pipes 

(.1) Sewage disposal 

B. Water—pure and impure 

1. Water a compound 

2. Hard and soft water , 

3 - Causes of impure water 

Typhoid fever 

4. How water is purified 

5. How water is used in the body 

6. Water as a solvent 


INDIVIDUAL PROJECTS 

Working projects: 

1 ‘ Th e water-supply system of our town. 

the >' two p“p ils ^ 

cannot be obtain S ■ ' and J e P ort t0 the class. If a map 

Sard d ’ draWlngS or dia ^ms may be put on the 

** A T^l r ‘ S ? p!y system a farmhouse, 

system in hi? own ho^r^Md^! pro ff^ ‘, s . a b °y who has such a 
system to the class. ' a care ^ diagram to explain the 
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3. The hot-water supply for an apartment house. 

A project for city boys or girls. Consult the janitor, make 
diagrams, and explain the system to your classmates. 

4. A gas water heater — how it works. 

If you have a gas heater at home, study it carefully. Get pam¬ 
phlets with diagrams from plumbing-supply houses. A large 
diagram may be drawn on the board from which to make your 
explanation. 

5. An electric water heater — how it works. 

See suggestions for project 4, above. 

6 . Water meters and how to read them, 

Perhaps the water department will lend you a model of a meter. 
If there is a meter in the school, study it and show it to the class. 
By copying the dial on the board good practice in reading the meter 
may be given to all the pupils. 

7. Traps in a plumbing system. 

Get from a plumber as many different kinds of traps as possible, 
From questioning him and studying such a book as Butler’s House¬ 
hold Physics, explain to the class how they work. 

8. Clean the traps in your house. 

Consult your father or the plumber as to the best way. 

9. Stop the leak in a faucet. 

A leaking faucet usually shows the need of a new washer. Thr 
water must be turned off and a wrench used to unscrew the faucet, 
(See the diagrams on page 114.) 

xo. How hard-water softeners work. If you have one in your home, 
study its action. Write to the manufacturer for explanations of 
the principle on which it works, and explain the device to the class. 

Reports: 

1. How the Panama Canal Zone was furnished with pure water. 

2. Obtaining water in foreign lands. See Horn the World is Housed 
(pp. 317-25), by F. G. Carpenter. 

3. Dangers in impure water. 

Write a letter to a girl in China, where it is often difficult to get 
pure drinking-water. Explain to her what the dangers are in water 
which looks clean. Pure Water, by G. C. Whipple, will help you. 
Read your letter to the class, 

4. What our State is doing to stamp out typhoid fever, 

Write a letter to the Department of Public Health in your State. 
asking them to send you anything they can about your project. 
Then study what they send you, and tell the class about it, 

5. How the water for our town is purified. 

Two pupils may work on this project. Visit the water depart¬ 
ment. Find out all you can. Get maps and photographs if pos¬ 
sible. 

6. How our town disposes of its sewage. 

Find out from the town authorities what becomes of the sewage, 
what the sewerage system is, and what use, if any, is made of the 
waste, 
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7, Sewage farms, 

If there is a sewage farm in your locality, visit it and report how 
sewage is made useful. 

BOOKS THAT WILL HELP YOU 

The Book of Woodcraft and Indian Lore (pp. 251-52). E,T.Seton. Double- 

BoyJ'Om Book of Seme, F.L, Darrow, Macmillan. 

Catskill Water Supply System. Dept, of Water Supply, Gas, and Electricity, 
New York City. 

Clean Water and How to Get II, A. Hazen, Wiley. 

Community Hygiene, Woods Hutchinson, Houghton, 

Drinking Water and Ice Supplies, T, M, Prudden. Putnam, 

Farm Water Supplies. S, P. Gates. Mass. State Board of Agriculture, 
Circ. 18, Describes advantages and disadvantages of different kinds of 
wells. 

The Good Ciliicn, W. R, and F, K, Hepner, Houghton. 

Chapter VIII on The Health of Our Community has a good section on 
"Our Water Supply," 

Home Same Disposal, W. A, Hardenbergh, Lippincott, 

Household Physics (pp, 340-56), A. M. Butler. Whitcomb. 

How to Prevent Typhoid Fever, Farmers'Bulletin 478. U.S, Department of 
Agriculture, 

Physics of the Household, C-J.Lynde, Macmillan. 

Pictured Knowledge (p, 151), Compton-Johnson. 

Pure Water. G, C. Whipple. State Board of Health, Jacksonville, Florida, 
( Gives a good idea of the dangers of an impure water supply, and what a 
city supply should be, 

The Sanitary Side of Farm Water Supplies. X, H, Goodnough, Mass, 
State Board of Agriculture. 

A Tale of Soap and Water. Cleanliness Institute, N,Y. 



VI 

THE WEATHER 

The weather. What is the weather to-day? If clouds, mist, 
rain, hail, or snow can be seen, they are the result of water in 
the air. If the day is cold and fair, less water is present, but the • 
air always contains some water in the form of invisible vapor. 
Did you know that every cloud is a weather sign? 

If you could be perched high above the North Pole, and could 
view the whole northern hemisphere, you would see a procession 
of storms and fair weather marching around the earth in one 
direction, for weather is not governed by chance, but by laws. 

The problems in this chapter will show you some of the laws 
which govern the weather. By solving them you may become 
partly independent of the weather forecasts in the daily papers. 
If you live in the country, it is likely that some one in your vi¬ 
cinity is a volunteer observer for the government. Visit him 
and watch him make his observations. You may become a 
volunteer observer yourself. If you wish to cooperate with the 
Government in this way, write to the Weather Bureau, United 
States Department of Agriculture, for " Instructions for CoSp- 
erative Observers." 

The Weather Bureau publishes also a set of colored pic¬ 
tures—"Classification of Clouds" —-which are to be had for 
the asking. The weather signal stations issue daily bulletins 
and weather maps which your school can arrange to receive 
regularly without charge. You will be interested also to learn 
the meaning of the various flags that these stations fly each 
day to communicate information about the weather. Your 
daily radio program doubtless includes a broadcast of weather 
probabilities. Thus there are many ready means of becoming 
“weather wise," 

You may win Camp Fire honors and advance in knowledge of 
Scoutcraft by solving some of these problems. You will cer¬ 
tainly obtain from this chapter an intelligent, scientific knowJ 
edgeof thetopic of conversation most common lo human beings, 
the weather. 
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THE PROBLEMS 

Introductory. 

1. To keep a weather record. 

A. On water in the air. 

2. How does water vapor get into the air? 

3. What makes the rain? 

4. How does expansion affect the temperature of air 

or of any gas? 

5. What makes the dew? 

B. On winds. 

6. How is die volume of air affected by a change of 

temperature? 

7. What is the relation between heat and winds? 

8. Whatis therelation between air pressure and winds? 

C. On storms and weather forecasting. 

9. To understand a weather map, 

10. To keep a graph of the weather. 

11. To trace the course of a storm. 

12. What paths do storms follow? 

13. A trip to the local Weather Bureau to learn its work.- 


INTRODUCTORY 

Problem 1 : To keep a weather record. ( Pupils .) 

Directions: Make a table for your weather observations, copying the fol¬ 
lowing plan. Do not write in this book. 


TEMPERATURE 


CHARACTER OF 
DAY 
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Date. The record should be kept regularly, without omission of days. 
Camp-Fire Girls may win an honor by keeping a scientific record for a 
month. 

Hour. The observations should be made at the same hour each day. 

Temperature. If you have no thermometer, use the following wordB 
to describe the temperature: 

Very warm. Warm. Moderate. 

Cool. Cold. Very cold. 

Character of Day. Use circles similar to those on a weather map. 

O Clear. <1 Partly cloudy, • Cloudy. 

® Rain. ® Snow. 

Wind. Use arrows flying with the wind, as on the weather map, 
calling the top of the page north. 

Record also the velocity of the wind, using the following termB: 
Light , when just moving the leaves of trees. 

Moderate, when just moving twigs. 

Brisk, when moving large branches. 

High, when blowing dust and papers. 

Gale, when brpaking small branches from trees. 

Remarks. In this column record any interesting features not noted 
in any other column, such as killing frostB, thunderstorms, hail, sleet, 
auroras, unusual coloring of sky. 

Summary: 

1. What was the highest temperature noted? the lowest? the great¬ 
est range of temperature? 

2. How many days were dear? cloudy? rainy? snowy? 

3. Does the wind seem to blow from any special direction du'ring a 
storm? If so, from what direction? 

4. Does the wind blow from any special direction after a storm? If 
so, from what direction? 

5. Is the temperature warmer before or after a storm? 

6. What is the relation between the wind direction and the tempera¬ 
ture? 


A. WATER IN THE AIR 

Problem 2: How does water vapor get into the air? (Home.) 
Directions: 

Part 1: Does the air contain water? 

Set a glass of Ice water on the table, What appears on the outside 
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of the glass? From where did it come? Why could you not see it 
before? 

Part 2: What are the sources of water vapor? 

■ Pour a measured amount of water into a shallow dish, and set it in 
a warm place, in the sun if possible. Measure it a^ain the next day. 
Is the amount the same? Why? 

Arrange an apparatus like the diagram. The stem of the leaf is in 
the water in the lower glass, The hole in the cardboard must be 
only large enough to allow the stem to pass 
through. The upper glass must be perfectly 
dry. Set the apparatus in the sun. What ap¬ 
pears on the upper glass? From where did it 
come? 

Conclusion: What are two sources of water 
vapor in the air? 

Question: What examples can you name of 
water entering the air in each of the ways sug¬ 
gested above? 

Problem 3; What makes the rain? (Class.) 

Directions: Support over a flame a large glass 
beaker, about one third full of water. Cover 
Fig. 67. An appara- the beaker with a clean aluminum cover, 
tus to show one way Heat the water carefully. Observe every- 
in which water vapor thing that happens. Give reasons for every 
gets into the air. change that ^ placc . 

Conclusions: Basing your answer upon this experiment and from other 
observations, explain one way by which rain is formed. 

Question: In what ways are the conditions in this experiment unlike 
those of nature? , 

Problem 4: How does expansion affect the temperature of air, or of 
any gas? (Class.) 

Directions: Allow a little compressed gas to escape from its container. 
(The compressed air used for filling tires in a garage may be used. A jar 
of nitrous oxide, such as is used by dentists, is excellent.) How does the 
temperature of the expanding gas compare with the temperature of the 
air around it? 

Hold a thermometer near the opening. How is it affected? 
Conclusion: When air expands, how is its temperature changed? 
Question: Can you explain why Raindrops form in expanding air? 
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Problem 5: What makes the dew? (Class or pupils.) 

Directions: Put some water into a glass or into a calorimeter, the outer 
surface of which is polished. Add pieces of chipped ice, or ice and sal t if 
necessary, and note carefully any difference in the appearance of the 
outside of the container. 

Summary: What is the origin of the drops of moisture? Explain how 
this experiment illustrates how dew is formed. 

Questions: 

1. Does the dew "fall"? 

2. Why do cold-water pipes "sweat" in the summer? 

3. Why does a mist sometimes form upon a person's eyeglasses when 
he comes into a warm room from a colder place? 

4. Why is it possible to "see your breath” in winter? 

Water changes from one form to another: the physical states. 
Water is one of the best substances to show the three forms in 
which matter may exist. Its usual state is that of a liquid. It 
may freeze and form ice, which is a solid ; or it may assume the 
form of an invisible g as, water vapor, which is always present to 
some extent in the air. Every substance that you can think of 
is in one of these three states, 

Water changes to vapor. Even when the temperature is not 
high enough to cause it to boil, the water changes to vapor, but 
not rapidly. You can think of many cases of evaporation. At 
least once a week it is a matter of interest in your home whether 
the day is a "good drying day.” You know some causes for 
quick evaporation; you know that cipthes will usually dry more 
quickly on a warm day than on a cool day, on a windy day than 
on a still day, in dry air than in moist air. 

If you moisten your finger and hold it in the air, you feel that 
it is cooler. This is because when water evaporates some heat 
is used in changing it to vapor, and the heat is taken from what¬ 
ever the water is touching. If the water is on your finger, heat 
is taken from your skin, Can you understand now why you 
feel chilly if you sit in a draft with wet clothing? 

The cooling effect of evaporation is useful in keeping food. 
The iceless refrigerator depends, in part upon tliis principle. 
(See figure 102, page 2x4.) If a bottle of milk is set in a pan of 
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cold water and a cloth is wrapped around the bottle so that the 
cloth soaks up the water, the milk may be kept cool as long as 
evaporation is going on. Setting the pan where a breeze may 
blow over it helps the water to evaporate more quickly. Ex¬ 
plain how canteens depend on the same principle. 

Water changes to steam. If you should start with cold 
water, and gradually heat it, you would find that the tempera¬ 
ture rises until the water begins to boil. There it would stay 
until the water was boiled away. The boiling point is as 
definite as the freezing point. At sea level it is 100 degrees on a 
Centigrade scale, and 212 degrees on a Fahrenheit scale. The 
temperature of steam is the same as that of the boiling water. 
Steam is water vapor at the boiling point. 

Water in an invisible form in the air. Water is always 
present in the air in the form of the invisible gas called water 
vapor. In order to understand how the air contains water in a 
gaseous form it is helpful to compare it to a sponge. (1) A 
sponge can hold water.. So can the air hold water in the form of 
water vapor. Water in a liquid form is able to soak in between 
the parts of the sponge. In some such way it is possible for 
water vapor to be soaked up by the air. (2) The sponge can 
hold only a limited amount of water. That is also true of the 
air in regard to water vapor. (3) When a sponge is holding all 
the water possible it is said to be saturated. The same expres¬ 
sion is used with reference to the air when it is holding all the 
water vapor that it can. 

How the water vapor gets into the air. The air gets its water 
vapor by means of a process called evaporation. This is the 
changing of water from a visible liquid into an invisible gas. 
The rapidity of the process of evaporation depends upon four 
factors: (x) the amount of water vapor already present in the 
air; (2) the temperature; (3) the air-pressure; (4) movement of 
the air. 

If the air is already saturated with water vapor, it is impossible 
for more vapor to enter, just as it is impossible for a sponge to 
soak up more water when it is saturated. Dry air, on the other 
hand, allows vapor to enter easily. 
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Heat increases the rapidity of evaporation. Especially when 
the sun is shining and the air is warm, large quantities of water 
are evaporated from the surface of the earth, particularly from 
the surfaces of rivers, lakes, and oceans. 

The thir d factor which helps to determine the rapidity of 
evaporation is the air-pressure. There is more rapid evapora¬ 
tion when the air-pressure is low. The commotion of boiling is 
caused by the expansion or enlargement of particles of the liquid 
into a gaseous form. This change occurs close to the applied 
heat. As water vapor occupies about sixteen hundred times 
the space formerly occupied by the water, it is much lighter and 
rises to the surface in the form of bubbles. Upon the tops of 
high mountains boiling is not sufficient to cook some kinds of 
food. Why is this so? 

Evaporation takes place more rapidly In moving air than in 
still air. After a rain the streets dry quickly if the wind is 
strong. Why is a windy day “ a good day ” to a laundress? 

Where the water vapor comes from. The oceans of the world 
are the greatest source of the water vapor in the air. Large in¬ 
land bodies of water, such as the Great Lakes and the Amazon 
River, furnish a large amount, as do all the smaller lakes and 
rivers. The surface of the solid earth is also constantly losing 
water to the air. When winds blow from a cool to a wanner 
region, they keep increasing their capacity to hold water, and 
absorb moisture from anything they can. The trade winds, for 
example, blow toward the hottest part of the earth. They 
cause so much water to be evaporated from the earth that many 
of the regions over whicii they blow are deserts. 

Other sources of water in the air are the living bodies of 
plants and animals. 

Evaporation from plants. Plants are constantly giving off 
water by evaporation. Some of it is a result of breathing, since 
water is formed among other substances when food is oxidized 
in the cells. 

By far the largest amount of water that is given off by plants, 
however, is transpired. As you know, plants absorb much 
water from the soil, and along with it, mineral foods that the 
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soil contains. When it enters the roots of the plants, the prater, 
containing the mineral food, passes through tubes in the plant 
body, until some of it reaches the leaves. Since more water 
flows through the plant than can be used to manufacture plant 
food, some of it is evaporated to the outside air through the 
openings in the leaves. The amount that may evaporate is 
very great—a grass plant may transpire in one day more 
than its weight. Botanists have estimated that about half a 
ton of water may evaporate in a day from an ordinary city lot 
covered with grass. The process by which water passes out of 
the leaves is called transpiration, 

Humidity, You have studied about humidity in connection, 
with Air and Health. As you know, the amount of water vapor 
in the air has much to do with our comfort, both indoors and 
out. It has much to do, also, with the weather, because when 
the humidity is high, the water vapor may easily be changed 
into the liquid form. 

Condensation. When the temperature of the air is lowered, 
the air is able to hold less water vapor. If the temperature 
reaches below the point at which the air is saturated, then some 
of the water vapor is "squeezed out" of the air in the form of 
fine drops of water. This change from water vapor to water is 
spoken of as condensation. Thus clouds, mist, rain, etc., are all 
due to the condensation of water vapor. This phenomenon 
usually occurs high in the air because the air is cooler there than 
hear the surface of the earth and so cannot hold so much water 
vapor. One reason for the upper air being cooler than air near 
die ground is that as air rises, it expands. Expanding air be¬ 
comes cooler, as you found in problem 4. 

When the condensation occurs near the ground after the air 
Has reached the saturation point, mist or jog is produced. When 
condensation takes place high in the air, clouds are formed, and 
if it is cold enough, the moisture is frozen into snow or hail. 
How do you explain the frost which appears on windows in the 
winter? 

Dew and its formation, From what has already been said, 
and from having tried problem 5, perhaps you can explain 
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how dew is formed. After sundown the 
earth cools off more rapidly than the air* 
Therefore the part of the air which ia 
close to the earth or to objects upon the 
surface, such as blades of grass, leaves, 
etc., is somewhat cooler than the rest 
of the surrounding air. Since the air 
always contains some water vapor and 
since cool air cannot hold as much of 
this as warm air, it becomes evident 
that if the air is near the saturation 
point a slight cooling may produce Con¬ 
densation. This condensation causes 
drops of water to be deposited which we 
call dew. When the sun rises the follow¬ 
ing morning and warms the earth* this 
dew is evaporated, again becoming 
water vapor. The. temperature at which 
dew forms at any particular time IB 
called the dew-point. 

Kinds of clouds. There are several 
different kinds of clouds. Figure 69 on 
page 146 suggests the usual height 
above the earth for some of these. 

Nimbus is a general term usually ap¬ 
plied to any cloud from which rain or 
snow is falling or may fall. It consists 
of a thick layer of dark clouds without 
shape, and with ragged edges. 

Cumulus are sometimes called Wool- 
pack Clouds , the upper surface of which 
is dome shaped, while the base is flat 
The margins of these clouds have pro¬ 
jections which remind one of puffs of 
smoke. (See (1) in figure 69.) 

Cumulo-nimbus clouds are the“thuHn 
derheads” which appear before a thun- 
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(ij Cumulus. 


(2) Cirrus, 


w Cumulo-Nimbus. (6\ rv m „, . , 

w Cumulus below; Stratus ab 

69. A few common kinds of clouds 


(4) Cumulo-Stratus, 


( 3 ) Stratus, 
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derstorm. They are usually higher in the air than other 
nimbus or cumulus clouds. (See figure 7, page 12.) 

Cirrus is a fleecy kind of cloud that is very high, usually about 
five miles above ground. These clouds are delicate in appear¬ 
ance, often forming a structure appearing like feathers. The 
Cirrus clouds which are the highest do not consist of mist, but 
of very small ice crystals which are formed because of the great 
cold at that height. 

Stratus is the variety which usually covers the whole sky on 
dark days, although at times it may be broken up into parts by 
the wind or by tops of mountains. The so-called "mackerel 
sky” is known as the Cumulo-Stratus, since it is really com¬ 
posed of many small Cumulus clouds which stretch across the 
sky. 

Another variety of the Cumulus type of cloud is known as the 
Fracto-Cumulus. This kind of cloud appears in strong winds; 
its outlines are rapidly being changed as portions are being 
detached from the larger parts. 

The value of rain. After water has been raised above the sur¬ 
face of the earth in the form of water vapor it returns to the earth 
again in the form of rain. Let us try to imagine what would re¬ 
sult if this process should cease. It would not take very long 
for the rivers and streams to dry up, for there would be no rain¬ 
fall to feed them. The great majority of places which are now 
fertile lands would become barren, for there would be no more 
water to take the place of that which would slowly but surely 
disappear. Crops would not grow, for the water in the soil 
would soon all have flowed away. The world would become un¬ 
inhabitable except for a few living things that might continue 
to exist for a time near coasts or shores of lakes. Thus this ar¬ 
rangement of nature by which water is evaporated into the air 
and afterwards condensed in the form of rain is absolutely es¬ 
sential for the continuation of life upon the earth. 

The water cycle. You have now learned that water is cease¬ 
lessly being evaporated and condensed. This constant process 
of evaporation and condensation in which clouds are formed, 
rain falls, rivers flow to the sea where the water is again evapo- 
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what happens. Heat the flask carefully with a flame. Explain the 
results. Heat as long as results may be seen. What happens when the 
flame is removed ? Why ? 

Conclusions: 

1. What are the results of heating air? 

2. What are the results of cooling air? 

Problem 7: What is the relation between heat and wind ? (Class or 
home.) 

Directions: Procure a box, such as a shoe box. From one side cut out a 
piece and fasten glass in its place, Set two chimneys on top of the box, 
Under each chimney cut a hole. Fasten a candle in the box under one 
of the holes. 

When the candle is burning and the chimneys are in place, hold 
burning joss sticks over the chimneys. Trace the currents of air. 
Explain. 

Questions: 

1. Why may a current of air usually be felt near a large open fire? 

2. In what directions would you expect the movements of the air to 
be near greatly heated areas of the earth, such as the equatorial 
zone? 

Problem 8: What is the relation between air pressure and wind? 
(Pupils.) 

Directions: The following table shows the weather conditions in various 
parts of the country on January 5, 1929. Study first the column 
marked "Pressure." 

What place recorded the highest pressure? Find the approximate 
location of that place on the map on page 154. 

What places had a pressure of 30.5 inches or more? Find these 
places on the map. IIow are they related to the areas marked high on 
the map? 

Locate all the places where the pressure was 29.80 inches or less. 
How are they related to the areas marked low on the map? 

Districts and Stations Pressure 

Atlantic Coast Status and 
St, Lawrence Valley 

uebec, Que. 30-74 

oncord, N.H.... 30.78 

Boston, Mass. 30.74 

Binghamton, N.Y. 1 . 30.54 

Albany, N.Y. 30. 68 

New York, N.Y. 30,66 

Sfrftnton, Pa,.... 30.58 


Districts and Stations Pressure 


Harrisburg, Pa. 30.58 

Philadelphia, Pa. 30.62 

Washington, D.C. 30.54 

Norfolk, Va. 30.44 

Savannah, Ga. 30.08 

Jacksonville, Fla. 30.04 

Miami, Fla. 30.08 

Key West, Fla. 30.02 
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Districts and Stations Pressurs 


Gulf States 

Montgomery, Ala. 29.82 

New Orleans, La. 29.76 

Galveston, Tex. 29.80 

Ohio Valley and Tennes- 

Lexington, Ky. 29.92 

Louisville, Ky. 29.86 

Evansville, Ind. 29.70 

Indianapolis, Ind. 29.84 

Cincinnati, Ohio........ 29.96 

Columbus, Ohio. 29.58 

Pittsburgh, Pa. 30.28 

Lake Region 

Erie, Pa. 30.33 

Cleveland, Ohio. 30.25 

Toledo, Ohio. 30.10 

Detroit, Mich. 30.12 

Chicago, Ill... 29.82 

Milwaukee, Wis.... 29.84 

Duluth, Minn. 30.05 

Upper Mississippi Valley 
St. Paul, Minn. 30.02 


Districts and Stations Pressure 

St. Louis, Mo. 29.54 

Cairo, Ill. 29.60 

Missouri Valley 

Kansas City, Mo.29.70 

Valentine, Neb. 30.44 

Huron, S. Dak. 30.36 

Bismarck, N. Dak. 30.40 

Williston, N. Dak... 30.38 

Rocky Mountain and 
Plateau Regions 

Helena, Mont. 30.48 

MileB City, Mont. 30.46 

Salt Lake City, Utah... 30.40 

Denver, Colo...30.32 

El Paso, Tex. 30.12 

Pacific Slope 

Spokane, Wash. 30.48 

Seattle, Wash. 30.18 

Portland, Oreg. 30.28 

San Francisco, Cal. 30.18 

Los Angeles, Cal. 30.12 

San Diego, Cal. 30.12 


You have learned that the pressure of air at sea level is approximately 
15 lb. per square inch, and that the barometer reading is about 30 
inches. Each inch on the barometer scale therefore stands for about 
$ lb. of pressure on each square inch of the surface of the earth. 

What was the general difference in pressure between the High pres¬ 
sure areas and the Low pressure areas, as shown on January 5, 1929? 

What was therefore the difference in the weight pressing down on 
each square inch of land? 

If there was a difference of i lb. of weight on each square inch, there 
would be a difference in pressure of 36 lbs. per square foot, nearly 5 tons 
per square rod, and more than 500,000 tons per square mile! 

Since air is pressing down with greater weight where the pressure is 
high, what must happen to the bottom layers of air in this region? Do 
the wind directions near the high pressure area, as shown on the map, 
correspond to what you would expect? 

Which weighs more, the air over the low pressure areas, or the air 
over equal areas nearby when the pressure is higher? In what direc¬ 
tion would you expect the air to move in a low pressure area? 

Do the wind directions near the low pressure areas on January 5 
1929, correspond to what you would expect? 

Summary: 

1. What is the general movement of air near a high pressure area? 

2. What is the general movement of air near a low pressure area? 
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The wind. You have felt the force of the wind. You know 
that air is a real substance. You have noticed the dust, the bits 
of paper, and the dead leaves which are blown about, and you 
are sure that the wind is connected with the movement. Wind 
is air in motion. 

So much is evident. But have you ever considered what 
causes the air to move? It is because of a difference in pres¬ 
sure. If two open flasks of air are exactly balanced, and one is 
heated, the balance is disturbed. The cold air is heavier than 
the warm air, and presses down with greater weight than the 
warm air. If instead of considering two volumes of air enclosed 
in flasks we consider volumes which are free to move in any 
direction, we can understand that if for any reason one part 
of the air becomes lighter, the heavier air near it will press in 
and crowd the lighter air up. In this way a circulation of air 
is established. The word wind is used only for the horizontal 
movements of the air. The rising and descending columns are 
called currents. 

Why air pressure varies. Three common causes for un¬ 
equal pressure of air are known. The first and best known cause 
is heat. You have seen sparks fly upward from a bonfire or 
from a burning house. They are borne by the current of mov¬ 
ing, heated air. We say that heated air expands. Equal 
volumes of cold air and warm air do not press with equal 
weight. The heavier air presses in under the lighter, warm air, 
which is thus forced upward. This fact explains the currents 
of cool air which you feel blowing along the floor toward the 
stove. It also explains the sea breezes which spring up on 
summer afternoons along the coast. Land absorbs heat more 
rapidly than water. Therefore the air over the land becomes 
heated, expands, and is forced up by the heavier air pressing in 
from over the sea. The great belt of heated air near the 
equator is also explained in this way, since the most direct and 
therefore the hottest rays of the sun fall near the equator, 

A second cause of unequal pressure is the presence of moisture in 
the air, Strange as it may seem, moist air is lighter than dry air. 
This is because a volume of water vapor is lighter than an equal 
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volume of nitrogen or oxygen. Moisture in the air takes the 
place of other gases; the air therefore becomes lighter. Mois¬ 
ture-laden air presses down with less force than dry air, as may 
be indicated by the barometer, when, preceding a storm, it 
registers low pressure. Wherever the pressure is the lowest, a 
current of upward-moving air is established because the heavier, 
dryer air presses in from every side. 

A third cause of unequal pressure is the presence of air waves. 
Every aviator knows that there are waves in the air, j ust as there 
are in the sea. One reason for their presence is the unevenness 
of the surface of the land. 

• Imagine a steady movement of a mass of air eastward over 
the Pacific Ocean to the Californian coast, a region visited by 
the prevailing westerly winds. The mass of air reaches the 
coast; it moves on to the Coast Ranges, which obstruct the way 
to the east. As it rises over the mountains, the pressure is re¬ 
duced. As the pressure is reduced it expands and cools by ex¬ 
pansion. This brings about condensation and precipitation 
and explains the rainfall on the western sides of mountains in 
the path of the prevailing Westerlies. As the air passes to the 
other side of the mountain it descends into the valleys; the 
pressure becomes greater, consequently it is condensed and 
heated by pressure and thus made dryer. This explains the 
fact that there is little or no rain on the Eastern mountain 
slopes in the paths of the Westerlies. 

An aviator who flies in mountain regions becomes very fa- 
puliar with the so-called "holes in the air" which are due to 
low pressure. If he were flying over California he would be 
borne upward by the rising currents on the western sides of the 
mountains, and would suddenly drop when he reached the down¬ 
ward movement of air on the eastern sides. Clever pilots are 
able so to encircle the mountains as to be caught in the upward 
currents and so prevent disaster. 

Wind-belt? of the world. Certain great wind-belts encircle 
the globe, moving north and south with the seasons. , The 
part of the earth nearest the equator receives the greatest 
amount of heat. A great band of rising air, known as the belt 
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of equatorial calms is found, therefore, near the equator, moving 
northward a few degrees in our summer, and southward in our 
winter. The air appears calm because it is rising. Rains are 
abundant in this belt, because as the. air rises it expands and 
cools, causing water vapor to condense and fall as rain. 



Fig. 72. World belts of wind and calm 


To the north and south of the belt of equatorial calms are the 
trade winds, steady winds which blow toward this belt of rising 
air. They do not blow directly north or south, but are deflected 
by the rotation of the earth, becoming the northeast and the 
southeast trade winds. They arc dry winds because they blow 
constantly toward a warmer place and are able, therefore, to 
hold more moisture. 

The horse latitudes are narrow belts of descending currents 
beyond the trade-wind belts. They arc belts of calms and 
drought. 

Still farther beyond are the great bells of prevailing westerly 
winds . These belts are characterized by alternate storms and 
fair weather, with winds determined by the position of the 
“lows" and "highs." ‘ In these belts arc located the mpst ad¬ 
vanced nations, 
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C. STORMS AND WEATHER FORECASTING 
Problem 9: To understand a weather map. (Pupils.) 

Directions: 

(Note: Each pupil should be provided with a weather map.) 

In what city was your map made? 

On what day was your map made? 

At what time of day were the observations taken? 

By what Government department was the map made? 

Find the continuous black lines. What numbers are at the end of the 
lines? What do they mean? Why are the lines not straight? 

Find the dotted black lines, What numbers are at the cuds? What 
do they mean? 

Find the small circles, How do they differ? What do the shading 
and letters mean? 

Find the arrows attached to the circles. Do they all point in the 
same direction? What do they mean? 

What do the shaded areas show? 

With what lines are the words iur.lt and row connected? To what 
do they refer? 

Do the arrows show that the wind usually blows toward or away from 
a LOW? a HIGH? 

What facts arc given in the columns in the lower corner that are not 
given on the map? 

Find on the map the places that had 

The highest temperature. 

The lowest temperature. 

The greatest air-pressure. 

The least air-pressure. 

Find in the columns the places that had 

The highest temperature by day. 

The lowest temperature by night. 

kxpknaloiy notes Jor figure 73: 

Observations token at 8 A.U., noth meridian time. 

Ait pressure reduced to sea level. 

Isobabs (continuous lines) pass through [mint* of equal air pressure. 

Isotbsems (dotted linos/pass through points of equal temperature; drawn for every 
10“. 

Smn) 0 L 3 indicate state of weather: O dear; d partly cloudy; • doudy;(grain; 
© snow. 

Arrows fly with the wind. 

Shaded Ahea shows precipitation of 0.01 inch or more during last 24 hours. 

Wind velocities ol less than 10 miles an hour, and amounts of precipitation ol teat 
than 0.01 inch, aro not published hereon. 
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The greatest change between day and night. 

The highest wind velocity. 

The greatest rainfall (precipitation). 

In case give the name of the place and the exact figures. 

Summary: You should now be able to tell, by a glance at the weather 
map, 

I. What part of the country was having a storm, 
a. Where the weather was fair. 

3. The direction of the storm center from your own city. 

4. The weather of any given place on the day the map was made. 

Problem 10: To keep a graph of the weather. (Pupils.) 

Directions: You will need a sheet of cross-section paper. Mark off the 

sheet to record the date, the 
temperature, the air-pressures, 
the wind direction, the cloudi¬ 
ness, and the presence of highs 
and lows. (See figure 74.) 

From a daily study of the 
weather map, make the propei 
record for each day for yom 
own city. 

Summary: 

t. What conditions of pres¬ 
sure, temperature, and 
sky have you found con¬ 
nected with a high? 

2. What conditions have you 
found connected with a 
Low? 

3. What is the usual direc¬ 
tion of the wind when the 
weather is clear? when 
rainy? just before a 
storm? ' 


Problem 11: To trace the 
course of a storm. (Class.) 

Directions: Use a large black¬ 
board wall map of the United 
^*8- 74 '. A. weather graph States. Make several papel 
. circles about eight inches in 

jvemeter, using one color for lows, and another color for highs. 
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On the day when you begin this problem, locate on the latest weather 
map the low which is nearest to the Pacific Coast. Fasten the paper 
disk to represent this low in place on the wall map. 

On the next day find the jxisitlon of this low, which will probably 
have moved toward the east. Put another disk on the map to represent 
the new position, and connect the two disks with arrows to show the 
direction of movement of the storm. If a infill has appeared near the 
western coast, place a disk on the wall map to show its position. 

On the next day, place disks to show the new positions of the LOW and 
the high which you are tracing, connecting the positions with arrows. 

Continue to do this each day until the low and the unit) disappear 
from the map. 

Summary: 

1. What course was followed by the storm? 

2. What course was followed by the area of high pressure? 

Problem 12: What paths do storms follow? (Pupils or smalt 
groups.) 

directions: You will need several weather maps of consecutive dates, 
and a blank weather map, which may be obtained from the local 
Weather Bureau. 

How many lows appear on the map of the first date? What is the 
nearest city to each LOW? 

On a blank map make a circle to represent the low wliirh is nearest 
the Pacific Coast. Print in the circle the word l.mv and the date. 

Examine the map of the next date. Are the lows locate* 1 in (lie same 
places as before? Reprerent on the blank map the new position of the 
low which you noted aliove, (NtUr: Storms, or lows, generally move 
across the United States from west to cast.) 

Plot the position of the low until it disap|tcnrs from the map. 
Connect the circles with a line of arrows to represent the course of the 
storm. 

I 

Summary: 

1. Near what large cities did the storm pass? 

2. How many clays were required for the storm to cross the country? 

3. From a comparison with the paths observed by other pupils in the 
class, do you find any regular paths followed by storms? 

Problem 13: A trip to the local Weather Bureau to learn its work, 
(Class or group project.) 

Directions: Go to the office of the local Weather Bureau, and obtain, if 
possible from your own observation, the following information: 
l. How the temperature is measured. 
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2. How the 'lir pressure is measured. 

3. How the direction of the wind is found. 

4. How the velocity of the wind is found. 

5. How the amount of rainfall is found. 

6. How the time of sunshine and shadow is recorded. 

7. How the weather map is made. 

8. How the weather signals are displayed. 

Summary: Write what you have seen and learned of the work of the 
Weather Bureau. 


Foretelling a stofm. The United States lies almost entirely 
in the belt of the prevailing westerly winds. If you have kept 

• a weather record for a few 

weeks you have found that 
a large majority of the days 
show that the wind is from 
the west. These are usually 
the fair days. Sometimes, 

: however, the wind veers into 
the south and east. A storm 
is coming, people say. Some¬ 
times the storm lasts two or 
three days, then the wind 
changes into the west and 
yi- ’ the weather is fair again. . 

Fig. 75. A storm 1200 miles Such alternations of storms 
In diameter and fair weather are common 






Fig. 75. A storm 1200 miles 
In diameter 


The arrows show the direction of the throughout the year, but 
wind. The continuous lines, isobars. . „ . . 

pass through points of equal pres- especially common in winter, 
sure. The dotted lines, isotherms, pass ■ Although we have in our 
through points of equal temperature, . , . , , 

Notice that winds from the south are country many kinds 01 storms, 
warmer than those from the north and such as thunderstorms, wind¬ 
storms, hurricanes, and even 
tornadoes, by far the commonest kind of storm is the cyclonic 
storm. Cyclone means a "circle" or "whirl.” At the storm 
center is a rising column of air, because for one of the reasons 
given on pages 151 and 152 there is an inequality of pressure. 
From every side the heavier air presses in toward the storm 
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center. But instead of blowing directly toward the center the 
air is deflected by the rotation of the earth toward the right, 
forming a whirl as shown in the diagram. The whole whirl, 
often covering a diameter of a thousand miles or more, moves 
in a general easterly direction. 

Connected with the passing of a storm are other changes be¬ 
sides that of wind. Rain usually falls, because the rising air 
expands, is cooled, and its water vapor is condensed. The 
temperature changes. Air from the south is warm- Since most 
of the storms pass to the north of the central and eastern parts 
of the United States, the storms in these sections are accom¬ 
panied by south winds and rising temperatures. 

Following a storm comes a time of clear weather, known as an 
anti-cyclone. It is shown on a weather map by an area of high 
pressure. At the center air is settling, bringing to the earth 
some of the cool upper air. In winter such a i>eriocl may result 
in a cold wave. 



Fig. 76. Storm-paths across the United States 
More than a thousand storms were studied. Which arc the paths most 
commonly followed? 


The paths of storms. For years the records of storms have 
been kept. We can see from these records that certain estab* 
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lished paths are apt to be followed. Some of the storms reach 
our country from the Pacific. Others are started near the 
western mountains. These nearly always move in an easterly 
direction, usually crossing the Great Lakes, and following the 
St. Lawrence Valley to the sea. figure 76 shows some of the 
best-defined paths. 



Fig. 77. The progress of storms across the Atlantic 
Indicated by the three lines, A, B, and C, each of which marks the course 
of a typical atom center recorded by the United States Weather Bureau. 
There are hundreds of such stotms every year. The numerals I, 2, 3, etc., 
show the progress of the storms from day to day. The rings of arrows de¬ 
scribed about the storm tracks where they reach the European coaBt show 
the resulting effect upon the wind for hundreds of miles around. 

1 

Thunderstorms. Thunderstorms almost always occur in the 
summer because at that time conditions are favorable for them. 
The earth, heated by the sun's rays, warms the air which is 
dose to it. Since heated air is lighter than- cool air, it rises, ex¬ 
pands, and, becoming rapidly cooled, causes the water vapor in 
it to be condensed. This usually results in the formation of 
cumulo-nimbus clouds, and, as already stated, masses of these 
douds indicate the likelihood of thunderstorms. The thun¬ 
der and lightning which accompany such storms are due to 
the discharge of atmospheric electridty. Hailstorms are really 
thunderstorms which are produced when there are strong cur¬ 
rents in the air. These air currents do not permit of the im- 
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mediate falling of the condensed vapor until the droplets have 
been, frozen into little pellets. These in turn receive coatings 
of moisture, which freeze as they are driven through the cold 
upper regions of the air. Thus a hailstone is made up of masses 
of ice frozen.about a small original droplet. How large was 
the largest hailstone you have ever seen? 

The Weather Bureau. Upon the laws which govern the 
weather is based the work of the Weather Bureau. On the wall 
in the forecast room of the Weather Bureau at Washington is an 
immense map of North America — twelve feet long by eight 
feet high. The States, cities, counties, rivers, and lakes are 
sketched dimly in aluminum paint. Weather conditions are 
marked on the map as they are reported by telegraph. 

Men walk up to the map at all hours of the day and mark 
on it symbols which mean rain, snow, cloudiness, heavy winds, 
fog, hot or cold waves, or hurricanes. During the day every 
part of the map. is reconstructed. The men are able to keep 
track of every part of the country because in the United 
States there are two hundred branch weather stations; two 
hundred and fifty special stations which display danger warn¬ 
ings to mariners; two hundred and sixty special stations for 
observing certain conditions of temperature and rainfall in 
the cotton, com, and wheat regions. 

In addition more thaii five thousand cooperative stations 
make monthly reports of daily observations of temperature 
and precipitation. If any important change takes place, the 
fact is telegraphed at once to the central office, and the big 
map on the wall is altered accordingly. This does not mean 
that each of the five thousand stations is in individual com¬ 
munication with Washington. Every State has its own 
bureau, in which all messages from its own territory are re¬ 
ceived, and at the discretion of the State forecaster are trans¬ 
mitted to Washington. 

Some outlying stations are on mountain-peaks; others, in the 
arid regions of the Southwest; but all figuratively are at the 
fingers’ end of the man who operates the telegraph sounder in 
the comer of this room in Washington, Twice a day at 8 A.M. 
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and 8 p.m., Washington time, the two hundred branch 
weather stations take observations of temperature, air-pres¬ 
sure, precipitation, direction and velocity of the wind, state of 
the weather, and the maximum and minimum temperatures 
since the last observation. These observations are tele¬ 
graphed to the State centers. Each State expert prepares a 
composite account of the State conditions, and telegraphs it 
in code to Washington. From the composite accounts from each 
State the chief forecaster is able to get a bird’s-eye view of the 
country’s weather, and from his knowledge of the laws of 
weather conditions, to forecast the weather for several days in 
advance. 

Both morning and evening forecasts are made at five weather 
forecast centers. These are at Washington, D.C., Chicago, 
New Orleans, Denver, and San Francisco. Two hours after the 
morning observations the forecast centers telegraph forecasts to 
about 1200 main distributing points. These distributing points 
spread the information by telegraph, telephone, radio, and mail. 
Forecasts are mailed to about 90,000 addresses daily, and nearly 
six million rural telephone subscribers can get weather forecasts 
within an hour after they are issued. Weather maps are issued 
from about fifty of the larger stations. 

Weather reports by radio. From isolated areas, from foreign 
countries, and from ships at sea weather reports are received 
by radio. We now get daily weather reports by radio from 
England, Iceland, Greenland, the Azores, China, Japan, the 
Philippines, and other islands in the Pacific. For the benefit of 
ships at sea, daily bulletins containing weather forecasts, storm 
warnings, and other information valuable to mariners are 
broadcast. In the United States, we still depend largely upon 
the telegraph, telephone, and the mail for spreading weather 
information, although the use of radio is rapidly increasing. 
Warnings of cold waves, storms, and floods are broadcast. 
More than one hundred and twenty-five broadcasting stations 
are helping the Weather Bureau by broadcasting weather re¬ 
ports one or more times daily. 

Snowfall reports, Over one hundred stations are maintained 
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in the mountainous parts of the Western States to make obser¬ 
vations of the snowfall. The information gathered from these 
observations is valuable to cities dependent on winter snows for 
their water supply, to irrigation farmers, and to water power 
interests. How would this information be valuable to these 
people? 

The value of the Weather Bureau Service. The forecasts 
made by the Weather Bureau are of immense value to many 
lands of people. Plans for numerous activities depend on the 
weather. If a tropical hurricane is threatened from Cuba, the 
people along the coast are warned. Fruit-growers are told 
when to take precautions against late frosts in spring and early 
frosts in fall. If a cold wave is imminent, all the places in its 
path may know in time to prepare for it. Sailors are warned 
when storms are due. These and many other services we owe 
to the Weather Bureau. 


REVIEW OUTLINE 

THE WEATHER 

A. Water in the air 

1. How water can change from one physical state to another 

a. Change to vapor 

b. Change to steam 

2. How water vapor gets into the air 

o. Four factors which control evaporation 

3. Where the water vapor comes from 

4. Humidity 

5. Condensation 

a. Dew and its formation 

b. Kinds of clouds 

c. Rain and its value 

6. The water cycle 

B. Winds 

1. What wind is 

2. Unequal air-pressure caused by 

a. Heat 

b. Moisture in the air 

c. Air waves 

3. Wind-belts 
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C. Storms and weather forecasting 

1. Foretelling a storm 

2. The paths of storms 

3. Thunderstorms 

4. The weather bureau 

a. How forecasts are made 

b. Weather reports by radio 
e. Snowfall reports 

d. Value of the service 


INDIVIDUAL PROJECTS 

Working projects: 

1, Make a wind vane. 

See the Bays' Book of Science and Construction for directions. 

2 . Make a wind wheel. 

See Foster's Something to Do, Boys. 

3. Make a rain gauge. 

See The American Boys' Engineering Book. 

4. Several Camp-Fire honors in Campcraft may be earned by knowing 
weather lore, and keeping scientific records. 

5, Make signal flags and fly them to designate the kind of weather you 
foretell. 

6, Act as a volunteer observer in connection with the Weather Bureau. 

Reports: 

1. Some ways of preventing damage from frost. 

Find out what the farmers, gardeners, and fruit-growers in your 
locality do to protect their crops from frost. Write to the Weather 
Bureau and ask for information about frost-fighting. Report the 
results of your inquiries to the class. 

2. Some great storms and the destruction they have caused. 

Find out from the local Weather Bureau whether any great 
atoms have wrought destruction in your locality, and if they 
have, give an account of the damage. Read in such a book as 
Houston’s Wonder Book of the Atmosphere, or in physical geogra¬ 
phies, about famous storms, and report to the class. 

3. How the weather map helps a business man. 

An interesting account of 11 Doing business by the weather map" 
is given in Tappan's Wonders of Science. Add to your report, if 
possible, the help a business man in your town gets from the weather 
map. 

4. How the weather map helps a farmer. 

See suggestions for 3. 

5. Man's relation to climate. 

Several pupils may work on this project. One may report on 
people who live in cold climates, and show how the food, the homes, 
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and the occupations are influenced by the climate. Other subjects 
might be; the inhabitants of hot lands; dwellers in the desert; 
temperate climate and industry. 


BOOKS THAT WILL HELP YOU * 

AM the Weather. M. W. Harrington, Appleton, 

Africa, (pp. 55-74). F. G. Carpenter, American. 

Contains an interesting description of the desert of Sahara. 

The American Boys 1 Engineering Book. A, R, Bond. Lippincott. 

The Book of Knowledge, (Vol. i8, p, 2669.) Edited by Arthur Mee and 
Holland Thompson. Grolier, 

The Book of Woodcraft and Indian Lore (pp. 251-52), E.T.Seton, Double¬ 
day. 

Boy Scant Handbook. Boy Scouts of America. 

Boys' Book of Science and Construction. A. P. Morgan. Lothrop, 

Reading the Weather, T, M. Longstreth, Macmillan, 

Something to Do, Boys. E, A, Foster, Wilde. 

South America. N. B. Allen. Ginn, _ 

An account of modern conditions in South America. 

Water Wonders Every Child Should Know. J, M. Thompson, Doubleday. 
Weather, E, E, Free and T, Hoke, McBride. 

Weather Series for the Amateur, P, R, Jameson, Taylor Instrument Com* 
panies, Rochester, N.Y. 

Practical Hints for Amateur Weather Forecasters, 

Humidity, its Effect on our Health and Comfort. 

The Mountains of Cloudland and Rainfall, 

The Barometer as the Footrule of the Air. , 

Weather and Weather Instruments. 

Why the Weather? C. F. Brooks, Harcourt, 

The Wonder Book of the Atmosphere. E. T, Houston, Stokes, 

Wonders of Science i, School Edition, E. M, Tappan, Editor, Houghton. 



VII 

WATER AND THE SOIL 


The value of water in the soil, The story of how soil is made is 
one of the wonder-tales of nature. As we study this chapter, 
we shall learn something of the valuable rocks that crumble 
to soil. We shall find out how the forces of nature bring about 
a transformation of a barren mountain-top into the soil of a 
fertile valley. Yet from the viewpoint of supporting plant 
life, no matter how valuable the mineral matter of the soil is, it 
is of no value to man until its wealth is unlocked by the power 
of water. Only mineral matter in solution can enter into the 
roots of plants and cause them to grow. The Sahara Desert 
can present all the contrast of a barren, sand-swept waste and 
a blossoming oasis; the only difference is the absence or the 
presence of water. 



Fig, 78. From mountain-top to soil 
Ti e .“? on of weather and of running water have brought down mucl 
r £ m v ^ are moun t ai n-sides to form fertile soil in the valley 
igation trenches are shown in the orchard in the foreground. 
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THE PROBLEMS 

A. On how soil is made. 

1. A Field Trip to study the formation of soil. 

2. What does soil contain? 

B. On water in the soil. 

3. How do soils differ in their ability to hold water? 

4. Can fine or coarse soil hold more water? 

5. How does water rise in the soil? 

6. What is the value of a fine surface layer of soil? 

7. How may the moisture in the soil be kept from 

escaping? 

8. Is the soil in my garden acid? 

9. How may acidity in soil be corrected? 


A. HOW SOIL IS MADE 

Problem 1: A Field Trip to.study the formation of soil. (Pupik.) 

Directions: If possible, go to the open country, where you can find a 
stream. If you cannot go to the country, however, you can find the 
answers to most of the questions in your own back yard and along tire 
streets. 

Find a place where the land has been cut away, as in a railroad cut, or 
a sandbank. How deep is the soil? What are the colors of the soil and 
of the subsoil? 

Look for the action of water. What happens along the banks of 
streams? Find a place where the stream bends. What is the action of 
the water on the earth at the outer side of the bend? at the inner side? 
Examine the pebbles in the stream-bed. Account for their shape 
What becomes of the material worn off from the pebbles? 

If there are hills in the region, look for the action of water in wearing 
away the soil. Is the soil washed away more on a grassy hill, a road, 
ploughed ground, or a wooded hillside? How do you account for the 
differences? 

Look for the action of the wind, Is the dust blowing? Where does it 
come from? Where does it go? 

Look for the action of plants. Examine some soil to see if it contains 
any parts of plants. Can you find any places covered by wfcds? What 
becomes of the weeds? What becomes of the leaves that fall from the 
trees? 
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Look for the action of animals. Can you find earthworm burrows or 
the earthworms themselves? Are earthworms of any use in the soil? 
Can you find any insects? What becomes of their dead bodies? 

Look for the action of the air. Can you find rocks which appear 
rusty? What gas in the air causes iron to rust? Iron compounds are 
abundant in rocks. Can you find places where the rocks are crumbling 
on the outside because of the action of the weather? 

Summary: Write a composition about your trip, including all you have 
learned about soil formation. Make diagrams to illustrate. 

Problem 2: What does soil contain? [Pupils.) 

Directions: Find some soil which seems perfectly dry. Heat a little in 
a test-tube. What comes from it? 

Fill a glass about half full of soil. Add water to within an inch of the 
top. Watch the glass for several minutes, while it stands quietly on the 
table. What comes from the soil? 

Stir the soil and the water thoroughly, and let it settle. After it has 
settled so that the water above it is practically clear, describe the ap¬ 
pearance. Can you distinguish between the sand, the clay, and the 
humus? 

Summary: Name five materials found in toil. , 

What soil contains. When we separate soil into its parts we 
find that it consists of small rock particles of various sizes. The 
smallest particles are called clay, they are so small that four 
hundred thousand of them, if set in a line, would measure only 
one inch. They are the particles that are rubbed from the 
surfaces of rocks as they grind against each other. 

Larger particles can easily be seen; they vary in size from the 
fine clay to coarse gravel; they are called sand. 

In addition to the rock particles, soil usually contains humus, 
which consists of decaying vegetable or animal matter. 

Even dry soil contains some water, which clings as a film to 
each little particle of clay and sand. 

Between all the particles, no matter how closely packed, are 
spaces which contain air. 

All of tjje solid parts of the soil are compounds, containing 
elements, the most important of which are calcium, magnesium, 
ftlunwym, iron, sulphur, nitrogen, phosphorus, and potassium. 
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Hocks. All the rock particles in the soil have been formed 
from solid rock. Some day you may study the science of 
geology, which treats of the formation of our earth, and the 
rocks which compose it. Even now you can learn something 
of the kinds and characteristics of rocks. 

Geologists divide all the rocks of the world into three great 
classes, igneous, sedimentary, and metamorphic, Those names 
look very long and hard to remember, but when you know 
what the names mean, you will remember them easily. 

Igneous rocks. Igneous rocks arefire-fomed rocks. " Ignis " 
is the Latin word for fire. As in many other cases, English- 
speaking people have used a Latin word to make an English 
word. All rock which has hardened from hot molten matter is 
called igneous rock, 

One common kind of igneous 
rock is granite. It is composed 
of crystals of different minerals, 
which can plainly be seen. They 
are quartz, mica, feldspar, and 
sometimes hornblende. Granite 
is a very hard rock, and is of¬ 
ten left standing as a mountain- 
peak, from which the softer rocks 
have been worn away. It is 
very common in New England. 

Another class of igneous rock has been formed by volcanic 
action. Even now some volcanoes occasionally send out great 
rivers of molten lava which hardens into rock. In ages past 
volcanoes have been much more active than they are now. In 
some parts of the world great lava floods have flowed out from 
cracks in the earth's surface. The Palisades of the Hudson, the 
hills of New Jersey and of the Connecticut Valley, parts of 
Yellowstone Park, and the Snake River and Columbia River 
Valleys in Washington, Oregon, and Idaho, are a few of the 
places in our own country composed of hardened lava. 

About one tenth of the surface of the earth is igneous rock, 
and where other rocks are on the surface, igneous rocks are 
underneath. 
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Sedimentary rocks. If you have visited the beach, you have 
noticed that often it is composed of layers of coarse rocks, of 
gravel, of sand, and, on the 1 flats at low tide, of mud. Per¬ 
haps you have dug down through the sand and found layers 
of other material below. All these materials have been de¬ 
posited by the water. The material carried by water is called 
sediment. 

Again, you may have seen places where rivers have over¬ 
flowed their banks and left layers of muddy slime on the sur- 
face of the ground. You have heard of how the Nile River has 
overflowed its banks every year for thousands of years, and of 
how the farmers depend upon the mud left behind to fertil¬ 
ize their fields. The mud is the sediment carried by the river. 

How do the layers of mud, sand, gravel, and rock deposited 
by streams and the ocean become hardened into solid rock? 
We must realize that this action has been going on for thou¬ 
sands and thousands of years. One layer of sediment is laid on 
another. The pressure, with the cementing action of certain 
minerals in the water, gradually hardens the layers to form 
sedimentary rock. 

Four common kinds of sedimentary rock are easy to recog¬ 
nize. 

Shale is a fine-grained rock 
made of hardened clay. 

Sandstone ■ is a coarser- 
grained rock made of grains 
of sand cemented together. 

Conglomerate is made of a 
mixture of fine material and 
large pebbles scattered like 
plums in a pudding and ce¬ 
mented together. If the peb¬ 
bles in the mixture are round, 
the conglomerate is called 
"puddingstone"; if the pebbles are angular, the conglomerate 
'is called "breccia” (pronounced “brSch'o"). 

Limestone is made of the limv skeletons of animals which 
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lived in the sea, ground up by wave action and cemented to¬ 
gether by materials dissolved in the sea water. 

Metamorphic rocks. Metamorphic rocks are those which 
have been changed from one kind to another. The agents which 
have produced the changes are (1) great pressure, and (2) the 
action of heat, and, in some cases, of heated water. 

Soft shale may be changed to slate, a much harder rock which 
splits into smooth slabs. Most blackboards are made of slate. 



Fig. 81. A model of an anthracite coal mine 
Coal occurs in layers between other metamorphic rocks, such as siatc. 


Sandstone may be changed to quartzite, a rock in which the 
sand grains are cemented and hardened to resemble quartz. 

Limestone may be changed to marble, a beautiful rock com¬ 
posed of crystals. 

Soft coal, a rock containing a great deal of carbon, may be 
changed to hard coal or anthracite. 

The action of water in making soil. Some of the forces 
which make soil can be seen at work every day. The first is 
water. After a rain you can see the little streams of water mak¬ 
ing their way down the slopes, tearing away small rocks and 
pebbles, rolling them down the gullies, rubbing and scraping 
them against each other. You cannot see that the rocks thus 
torn away and carried by the water are any smaller than they 
were before; but imagine such action going on month after 
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month, year after year, century after century. Can you undei. 
stand how in time many rocks are rubbed to powder, which be. 

comes a part of the soil? 

What can be seen on a small 
scale after any rain is constantly 
going on as a result of river ac¬ 
tion. Even a small brook will 
wear away the bank on one side, 
and build up the other side by 
depositing there sand and clay 
which have been torn away 
somewhere up the stream. Such 
great rivers as the Yellowstone 
and the Colorado have cut deep 
canyons by wearing away the 
solid rock, bit by bit. Much of 
the material which once filled 
canyons has gone into the mak¬ 
ing of soil somewhere, or has 
been carried out to sea. 

Different kinds of rock show 
a difference in the resistance 
wKwh they offer to the wearing 
away by water, or erosion, as the 
process is called. Soft rocks, 
like shale, sandstone, and lime¬ 
stone, are quite easily worn away, while hard, crystalline rocks, 
like granite, resist the action of the water much longer. Some¬ 
times an unusually hard place in a rock may cause such peculiar 
effects as are shown in figure 86, page 175. 

Soil built up by the action of rivers is called alluvium. It is 
usually fertile because the sediment deposited by the water con¬ 
tains soluble mineral foods, as well as humus. New deposits 
enrich the soil constantly. So rich is alluvial soil in the mineral 
- necessary for plant growth that the application of fertilizers is 
usually unnecessary. Some of the earliest civilizations of the 
globe grew up along the flood-plains of rivers, and on the deltas 



Fig. 8a. A gorge cut in shale 
The small stream has cut a deep 
gorge through the horizontal lay¬ 
ers of soft shale. The valley is 
being widened by the action of 
plants and of ground water which 
seeps through the rocks at the 
aide. 
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Fig. 83.' Action of running water 
The erosion of the running water can be seen along the banks. The rock 
is smoothed and holes are worn at flood time by the grinding action of small 
stones. 

deposited at their mouths. In Egypt the people who lived 
on the fertile delta and in the flood-plain of the Nile had at¬ 
tained a high degree of civilization long before the Christian 
era. China was able to support herself for centuries, as a na¬ 
tion apart from the rest of the world, largely because of the in¬ 
tensive farming which her people practiced on the fertile plains 
of the Yellow and the Yangtse Rivers. In recent years China 



Fie. 84. An example of erosion following the destruction of 
plant life 

The result is lack of protection from rains. Reestablishment of vegeta¬ 
tive cover would gradually stop the damage, but this constitutes a baffling 







174 Water and How We Use It 

has suffered from the effect of the destruction of the forests 
which once covered her hills and mountains. After the cover¬ 
ing of vegetation was gone, rain so eroded the hills that gravel 
and stones were washed down over the fertile valley soil. Such 
erosion is shown in figure 84. 



Pig. 85. Ancient ice sheets in North America 
The ice advanced from several centers. Notice the limit reached by the 
great glacier. 

The action of ice. All over New England and over much of 
the rest of the northern part of the United States the soil shows 
the action of ice. Scattered through the soil are rocks and 
boulders of various sizes, often composed of kinds of rock very 
different from the bedrock of the vicinity. These rocks have 
evidently been brought by some great agent strong enough to 
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move huge loads. We know that that agent was ice. Many 
thousands of years ago extensive ice-sheets or glaciers covered 
much of the northerly portions of the earth. They moved out 
from certain centers, shearing off rocks and loose soil as they 
came, grinding pebbles to fine silt by their great weight, leveling 
off some of the heights and filling in the hollows. Finally the 
ice melted, and the load of boulders, rocks, pebbles, sand, and 
clay was left scattered over the surface. Long Island, N.Y., is 
an example of land built by glacial action. As vegetation grew 
up, the top layers became darker because of the parts of plants 
left in the earth, and a true glacial soil was formed. 

Another kind of ice action goes on every winter. Water col¬ 
lects in little cracks and holes in rocks, and then freezes. The 
expansion of the water into ice cracks the rock, so that it breaks. 
Such ice action can be seen very plainly on mountain-tops 
above the timber-line. Clav soil which has caked is thus Of¬ 
ten cmrnbled^bythc^ ~ ''■ i^| 

as those seen in fig- . ~ ’ . 

»"= 86 are produced “• “ d 

by the wind-driven 

sand beating against layers of rock of varying hardness. 
Where have you seen soil built up by the wind ? It is said that 
about half of the State of Nebraska is covered with soil made by 
the wind's removal of particles from the other half. The fertile 
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"loess" of China, thousands of feet in thickness in places, has 
been madp by the westerly winds blowing fine dust into that 
country from the dry parts of Siberia and neighboring regions. 
Can you explain why grass is sometimes planted on sand 
dunes? 

The action of air. Iron compounds are abundant in rocks. 
One of these, iron pyrites, or "fool's gold" as it is called, when 
exposed to the air changes by oxidation to a soluble sulphate of 
iron and iron oxide which we know as rust, just as the metal iron 
changes to rust when exposed to the air. Rocks containing any 
of these oxidizable iron materials will fall to pieces when these 
materials are changed by the action of the air. 

The temperature of the air also helps to form soil. Warming 
causes rocks to expand, and cooling causes them to contract, 
especially near the surface. Such changes cause the surface to 
scale off in time, and crumble to soil. 

The warm, dry air of desert countries produces changes much 
more slowly than the moist air of more temperate countries. A 
famous example showing the difference is the change in an 
obelisk which had stood for over three thousand years in Egypt 
without crumbling. It was brought to New York, where the 
damp climate, with cold winters and hot summers, caused it to 
decay so quickly that it had to be protected with a surface layer 
of a glassy substance. 

The action of plants. Soil which consists of puxe rock ma¬ 
terial, like sand and clay, must have humus added in order to 
be " rich." Much of the humus comes from plants which have 
grown previously in the soil. Notice the soil in a pine woods 
which has not been cultivated for years; is it dark or light? Soil 
which contains humus is usually dark; we can often tell its 
richness by its color. Even weeds, usually considered only as 
che farmers' enemies, may be helpful by adding their decaying 
bodies to the soil. , 

1 Green manuring " is the process of adding humus to the soil 
by letting such plants as clover or winter rye grow for a while 
and then ploughing them in. Why is it better to put dead leaves 
on a compost pile than to burn them? 
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Some of the most valuable plants in the soil are invisible. 
They are the bacteria which produce decay and which so change 
the humus that it loses its form and is made into a part of the 
soil itself. Only recently have people come to understand the 
great good done by the bacteria in the soil. 

The action of animals. Whenever we dig in the garden we 
are aware that the soil is the home of many animals. Rich soil 
is the home of earthworms. Do not kill earthworms as you 
kill other ‘‘worms." They are our friends. Have you ever 
noticed after a rain small lumps of earth on the lawn, looking 
something like entrances to tiny tunnels? They are the 11 cast¬ 
ings" of earthworms. An earthworm acts like a tiny plough 
eating its way through the soil. Much of the loam in the 
garden has been prepared by being passed through the bodies 
of earthworms. Their burrowing lets air into the soil. One 
of the greatest scientists of the nineteenth century, Charles 
Darwin, made a very careful study of their habits and the good 
they do, the results of which he published in a book, Vegetable 
Mold and Earthworms. He tells us that "in many parts of 
England a weight of more than ten tons of dry earth annually 
passes through their bodies, and is brought to the surface in 
their castings on each acre of land." They penetrate the soil 
to varying depths depending on its character, and have been 
found as deep as seven or eight feet. They eat leaves and 
decaying matter. They swallow earth bo|h for food and to 
excavate their burrows. Their burrows are also made by push¬ 
ing the earth away on all sides. 

Even injurious insects like cutworms, wireworms, and mag¬ 
gots, which live in the ground, may do a little good to the soil by 
furnishing their dead bodies to add to the humus. Indeed, the 
only good these do is after their death, so kill them whenever 
you have an opportunity. 

Another way in which animals help the soil is in furnishing 
manure. - In the Government experiment stations it has been 
found that some of the most profitable farms are those on which 
live stock are raised, since they not only bring a good price, but 
enrich the soil for the growing of plants. 
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B. WATER IN THE SOIL 

Problem 3: How do soils differ in their ability to hold waterl 

(Class.) 

Directions: Use flower pots of the right size to fit into the tops of turn* 
biers. Fill the pots with different kinds of soil (which must be dry) — 
pure sand, sandy loam, clayey loam, rich garden soil, leaf mold, etc. 

Stand each pot in a tumbler. Fill a graduate with water, taking care 
that the water just reaches the top mark. From the graduate pour 
some of the water into a large salt shaker, and from it sprinkle water 
slowly on the surface of the soil in the first pot. As soon as the water 
begins to drip into the glass, stop sprinkling, and pour back into the 
graduate any unused water. 

How much water did the soil absorb before allowing any to pass 
through? 

In the same way sprinkle water into the other pots, and keep a tab¬ 
ular record of the amount of water absorbed by each kind of soil. 
Summary: Name the kinds of soil tested in the order of their water¬ 
holding capacity. 

Problem 4: Confine or coarse soil hold more water? (Class.) 

Directions: Dip a pebble in water. Shake off the water. What clings 
to the surface? Watch and explain its gradual disappearance. 

In one scale pan of a delicate balance place a large stone. Balance 
with small pebbles on another scale pan. 

Compare the surface area of the large stone with the surface area 
of the small pebbles. 

Wet the stones and replace in the balance. Compare the weight of 
water held as a surface film by the large stone with the weight of water 
held by the many small pebbles. 

Conclusions: 

1. What clings to the surface of each soil particle? 

2. Can fine or coarse soil hold more water? 

Problem 5: How does water rise in the soil? (Class or pupils.) 

Directions: Put a small glass tube in a glass of water colored with red 
ink. Is the level of the water the same in the glass and in the tube? 

Make tubes of different sizes, To do this, heat the glass tubing 
dowly in a flame, constantly rotating it until the glass is soft enough to 
pull. Then remove the tube from the flame and carefully pull the two 
ends apart. When cool, cut by marking with a triangular file and snap¬ 
ping the glass at that point. 

, Try tubes of different sizes to find out if water rises higher in a wide or 
»n a narrow tube, 
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(Note: Narrow hairlike tubes are called capillary tubes, from the 
Latin word "capillus,” a hair.) 

Put a lamp wick into a glass of water colored with red ink, allowing 
the end to hang over into another glass. What happens? Tty the 
same experiment with a narrow strip of blotting-paper. Explain the 
reason for the results. 

Make a lamp as follows: Fill a small bottle about one third full of 
kerosene oil. Fill the bottle to the top with small fragments of dry 
earth. What happens to the oil? After a few minutes ( CautionI) touch 
a lighted match to the surface of the earth. Explain what happens. 

Question: In what respects are these experiments alike? 

Conclusion: How can underground water reach the surface of the soil? 

Problem6 : What is the value of a fine surface layer of soil? (Pupils.) 

Directions: On top of a cube of ordinary loaf sugar heap powdered 
sugar about a quarter of an inch deep. Which represents the “dust 
mulch" on the surface? Which represents the soil? 

Into a small dish, such as a butter plate, pour a little water colored 
with red ink. Place the cube of sugar in this liquid. 

How long does it take the liquid to reach the top of the loaf sugar? 
Explain why it climbs up. 

How long does it take the liquid to reach the top of the powdered 
sugar? Why? 

Conclusion: What is the value of a fine surface layer? 

Questions: 

1. How would you make a dust mulch? 

2. In a seed-bed where should the soil be packed firmly and where left 
loose? 

Problem 7: How may the moisture in the soil be kept from escape 
ing? (Class.) 

Directions: Have ready some fine dry soil which has been sifted through 
a flour sieve. 

Set two lamp chimneys in a pan or dish. 

By means of a creased paper pour the fine soil into one lamp chimney 
halfway to the top and pack it firmly. 

Fill the other chimney one third full with the fine soil; pack; then add 
enough loose soil to bring the level to that of the first chimney. 

Pour water into the pan, and watch results. 

In which chimney does the water reach the top first? 

Conclusion; Does water rise more rapidly in packed or in loose soil? 
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Questions: 

x. How can moisture in the soil be kept from evaporating? 

2. Is it better to water your garden every day or to stir the surface of 
the soil often? Why? 

Problem 8: Is the soil in my garden acid? {Home.) 

Directions: Put a little soil in a glass. Add enough water to make a 
chin mud. Dip a piece of blue litmus paper into the mud. 

Remove the paper and wash off the mud. Has the paper changed 
color? ] 

Test to find whether water alone causes the same appearance. 

Where was the substance which caused the change, if any appeared? 
(Litmus paper is colored with a dye which is sensitive to acid. Acid 
turns blue litmus paper red.). 

• Conclusion: Is the soil which you tested acid or not? 

' Problem 9: How may acidity in soil be corrected? {Pupils.) 

Directions: Put a little dilute acid in a test-tube.' Test it with litmus 
paper. Add a little powdered lime. What happens? 

Add more lime until all action stops. Test again with litmus paper. 
Account for the results. 

Conclusion: What does this experiment demonstrate about the effect of 
lime upon an acid? 

Question: How may the acidity in soil be corrected? 

Plants need water. We know that water is used by the hu¬ 
man body to help to take in foods and to give off wastes. The 
same thing is true of plants. Water dissolves some of the min¬ 
eral matter so that it can be taken up by the roots. Water 
helps seeds to sprout and plants to grow. It is true that some 
living things can continue to exist for rather long periods of time 
without water. Under these conditions, however, they usually 
go into a resting state in which they are in a certain sense dead, 
since they carry on life-activities in a very slow sort of fashion, 
if at all. Thus bacteria of some kinds may remain alive in the 
dust for many months. Some kinds of seeds may remain alive 
for many years without any water. This is shown by the fact 
that they retain their power to sprout. These seeds are not, 
however, absolutely dry, for their tough coats retain some 
moisture inside. It has been found that if they are completely 
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dried by artificial means they will be killed, and of course will 
not sprout when planted. 

Differences in soil. Soils differ in their ability to retain 
water. Some kinds permit the water to soak slowly through 
them, while others dry out soon. All kinds of soils are more or 
less porous; that is, air is present between the soil particles. 
Around each soil particle, even in apparently dry soil, is a film 
of water. When anything is divided into smaller parts the sur¬ 
face is increased. Since every soil particle is covered with a film 
of water, the smaller the particles are, the greater the amount 
of water which can be held ready for'the little roots to absorb. 

Soil is named from the kind of material most prominent in it; 
as sandy loam, medium loam, clay loam, etc. It is plain that thf 
sandy loam, being the coarsest, has the fewest soil particles, ard 
that the clay loam has the most. Clay loam can, therefore, 
hold more water than sandy loam; it is slower in drying, and 
cannot be worked so early in the spring. 

Soils which are filled with humus can hold more water than 
any of the rock soils. This is because the physical texture o( 
the soil is changed, making it more open. One reason why 
manure is beneficial to the soil is that it helps to introduce air 
into the soil. The variety of soil that is favorable for most 
plants upon which man depends for his foods is a soil in which, 
the pores are neither too large nor too small; which is neither 
too sandy nor too clayey. 

How water rises in the soil. Not only does water drain 
away through the soil after a rain; it also rises through the soil, 

' If you dig down far enough, you will find a place where water 
stands all the time. This is called the water table. Sometimes 
it is near the surface or even above the surface, as in swampy 
land. Sometimes it is far below the surface. The height of the 
water table may be found wherever there is a well, by seeing 
how near the surface the water stands. The height varies ac« 
cording to the season. Why do some wells dry up in the sum¬ 
mer? (See figure 66 on page 131.) 

After a rain most of the water soon drains away to the water 
table, leaving only the little films of water on the soil particles. 
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This water can creep through the soil in the little spaces, just as 
oil can creep up a lamp wick, or ink can soak into a blotter. 
The creeping-up is called capillary action. 

The smaller the spaces between the particles, the higher the 
water can creep, It rises, therefore, more easily in clayey loam 
than in sandy loam. When the water reaches the surface, 
some of it evaporates into the air. 

How to save the moisture in the soil. One of the problems of 
every farmer and gardener is to prevent too much evaporation 
from his land, with a consequent loss of valuable water. When 
water evaporates from the surface, more water creeps up to take 
its place, causing the soil finally to dry out in times of drought 
unless evaporation is checked, 

One of the best ways of preventing too much evaporation is 
to provide a surface mulch. The mulch is a light covering of 
some kind. Sometimes old, dry manure is put around plants. 
Sometimes straw is laid on the bare ground of a potato patch or 
a strawberry bed. The cheapest and simplest way is merely to 
stir the soil after a rain to a depth of about two inches. The 
loose soil soon dries and crumbles to dust, which prevents the 
water below from evaporating. We cultivate the soil after a 
rain to form this dust mulch. A dust mulch prevents evapora¬ 
tion because the spaces between the particles of soil are made 
larger, and capillary action is hindered. 

Dry farming. Where the rainfall is low, and irrigation is 
impracticable, dry farming is frequently used. It involves 
saving in the soil all the moisture possible and the planting of 
crops requiring comparatively little water. Inthefall thelandis- 
ploughed so as to hold its moisture, After the spring rains are 
over, the land is harrowed and seeded. Crops are usually raised 
on alternate years, so that they may have the rainfall of two 
years to use. When the land is idle it is cultivated several times 
to kill the weeds which would rob the soil of its precious water. 

Variation in the amount of^rainfall. There is a very great 
difference in the amount of rainfall in different sections of our 
Cqyntry. To s?e this, exapiine carefully figure Sf. The eptire 
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western part of the United States, with the exception of the 
extreme northwestern region, has very little rainfall. In most 
places less than twenty inches a year falls, while in the south¬ 
western part there are some localities with less than live inches 
of rain. It is sometimes possible to reclaim these waste places, 
making them fertile and beautiful, since the soil usually con¬ 
tains exactly what the plants need with the exception of water. 
This reclamation is made possible by irrigation. 
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Fig. 87. A rainfall map 

The greatest rainfall in the world is near the equator. In the belts of pro 
vailing westerly winds the greatest precipitation is on the western side of 
continents. How does this map show the necessity for the irrigation pro¬ 
jects, the locations of which are shown in figure 88 ?■ 

Irrigation. Much land in the western part of the United 
States has been reclaimed by irrigation projects. Great dams 
have been built to hold up the water which comes from the 
melting snow on the mountain-sides. By means of canals and 
ditches this water is distributed during the dry season to the 
fields. This process is irrigation. 

A great movement to carry on this work was given a success¬ 
ful start during the administration of Theodore Roosevelt. In 
his message to Congress, he said in part: "The reclamation and 
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Fig, 88. United States Government irrigation projects 
Each project requires great expenditure of labor to build dams, aque¬ 
ducts, etc. 


settlement of arid lands will enrich every portion of our coun¬ 
try, just as the settlement of the Ohio and Mississippi Valleys 
brought prosperity to the Atlantic States." Shortly after¬ 
wards over thirty Government projects of this nature were 
undertaken, and in the report of six years later it was stated 
that 1881 miles of canals had been dug, 281 large structures had 
been erected, including some very large dams (like the one 
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shown in figure 89), 100 miles of branch railroads had been 
constructed, and 14,000 people had settled in what had for¬ 
merly been a desert. This work has continued. Almost every 
year the Government 
undertakes new irriga¬ 
tion projects, so that 
now millions of acres of 
land, once unprofitable, 
have been made useful 
by irrigation. (See fig¬ 
ure 88.) 

Air in the soil. Al¬ 
though many people fail 
to realize it, a necessary 
part of the soil is its air. 

If too much water fills the 
little pores between the 
soil particles, it drives 
the air out. Most seeds 
cannot sprout then, for the baby plant which is in the seed 
needs air just as a human baby does. (See page 66.) The 
valuable soil bacteria cannot live without air. One reason 
for cultivating and stirring the soil frequently is to admit air 
below the surface. 

Reclaiming swampy regions, Most crops will not grow in 
swampy soils because they contain too much water and too little 
air. In England, France, Italy, and Egypt, large projects have 
befen successfully carried out for the draining of lands. The re¬ 
claiming of the Everglades in Florida and of swampy land along 
the lower Mississippi is under way. Most seeds will not germi¬ 
nate under water, since they need a larger amount of oxygen than 
can be absorbed by the water. They arc really drowned when 
there is too much water. Roots also of most plants that we use 
as foods need more air than can reach them if all the pores in 
the soil are filled with water. That ground through which 
water slowly soaks is the best for most crops. Another reason 
why saturated soil is harmful to the kinds of plants that man 



Fig. 89. The Roosevelt Dam, Salt 
River project 

The reservoir is shown full of water. Such 
a dam as this allows the water supply to bo 
fed to the irrigated farms as it is needed. 
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Fig. go. An irrigated orange orchard 
Both primary ditch and laterals may be seen. (Los Angeles Chamber of 
Commerce.) 


cultivates is that the sun is not able to warm the earth when 
covered by water nearly as effectively as soil that is properly 
drained. Draining swamps, therefore, adds to the productive 
areas of the country by giving the land a chance to get the 
necessary air and warmth. In the State of Missouri alone, 
thousands of acres have been reclaimed by draining them, so 
that where once were worthless swamps there now is land valu¬ 
able for growing alfalfa and other crops. 

Acid soil and how to correct it. Why do crops sometimes fail 
to grow well ? One reason may be that the soil is ' ‘ sour 1 *; that 
is, it contains acid. There are millions of acres of acid soil in 
the United States, Some signs of it are the presence of a mossy 
growth on the surface, and an abundant growth of the weed 
“sorrel.” You may find out whether the soil in your garden is 
add or not by trying the test described in problem 8 on page 
180. 

The cause for soil acidity is the action of bacteria. When 
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they attack the waste matter in the soil (see page 177) they 
give off certain acids. In "sweet" soil these acids immediately 
unite, with other materials, but if the necessary materials are 
lacking, the acids collect. One substance which unites readily 
with acids is lime, so the best way to correct acid soil is to work 
slaked lime well into it. 

REVIEW OUTLINE 

A. HOW SOIL IS MADE 

1. What soil contains 

2. Rocks from which soil is made 

а. Igneous 

б. Sedimentary 
c. Metamorphic 

3. Forces which make soil 

a. The action of water 

b. The action of ice 

c. The action of wind 

d. The action of air 

e. The action of plants 
/. The action of animals 

B. Water in the soil 

1. How plants use water 

2. Differences in soil 

3. How water rises in the soil 

4. How to save the moisture 

a. Dry farming 

5. Irrigation 

6. Reclaiming swampy regions 

a. Value of air in soil 

7. Acid soil 

a. How to correct it 

INDIVIDUAL PROJECTS 
Working projects: 

1. Make a collection of rocks and minerals found in your locality, 
Try to find out the name of each. Label them and arrange them 
in a cabinet. 

2. Make a collection of granite and its parts, 

3. The story of how coal was made. 

Collect specimens of different kinds of coal to show the class. 
Tell the story which one of these pieces could tell if it were able to 
relate its experiences. 
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4. Prepare the soil for your garden. It must be ploughed or dug, 
harrowed or spaded thoroughly, and enriched. The books on 
gardening listed on page 281 will help you. _ 

5. Make a study of fertilizers. Collect specimens, find out what 
elements each contains, and how it benefits the soil. 


Reports: 

1. The Story of the Great Glacier. After reading such an account as 
is found in Rogers's Earth and Sky , make the most vivid account 
possible. 

2. What becomes of the rain? See Rogers's Earth and Sky. 


3. Diamonds and diamond mines. 

Explain the chemical relation between coal and diamonds. 
From such an account as is found in Carpenter’s Africa describe to 
the class how diamonds are found in the earth’s crust and mined. 

4. Great caves: their causes and characteristics. 

If you have ever been in a great cave, tell your experiences and 
impressions. Collect pictures of caves. Read Rogers's description 
of the Mammoth Cave, in Earth and Sky, or Shaler's, in Wonders of 
Science. 

5. Active volcanoes of the world. 

Find out from geographies where active volcanoes are located. 
Show pictures of eruptions and the destruction wrought by them. 

6. The story of gold. 

See Meade’s The Story of Gold. 

7. Reclaiming the desert. 

See Chamberlain's North America for an account of how irriga¬ 
tion transforms a desert. Pictures may be shown to make your 
report more interesting. 

8. The story of a stone. See Jordan's Nature Sketches. 

For other suggestions see the list of references. 


BOOKS THAT WILL HELP YOU 


Africa (pp. 295-303). F. G. Carpenter, American. 

Contains a description of Kimberley and the diamond mines. 
The Boy Collectors' Handbook. A. H. Verrill. McBride. 

„ Foasiia (pp. 35-47). 

Boys Own Book of the Earth. S. A. Small. Dutton. 

Diggers in the Earth (pp. 1-10). E. M. Tappan. Houghton, 

In a coal mine. 


Earth and Sky Every Child Should Know. J. E. Rogers. Doubleday. 
‘The Work of the Wind," "What Becomes of the Rain," "How RocIcb 
are Made,” "The Great Ice-Sheet," "The Mammoth Cave," "How 
Coal was Made." 

Ice Ages, J. McCabe. Putnam. 

Irrigation. U.S, Department of Agriculture, Farmers’ Bulletin 864. 

Nature Sketches. David Starr Jordan. Heath. 

NorllrAmerica, J. F. and A. H. Chamberlain. Macmillan. 

Reclaiming the desert. 

Rocks and Minerals. Fairbanks Educational. 

The Romance of Modem Geology. E. S. Grew. Lippincott. 
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FOODS AND HOW WE USE THEM 
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VIII 

FOOD FOR HOME AND CAMP 

Introduction. The first place where most of us remember see¬ 
ing food was not out in the fields where much of it is grown, 
but rather on the dining-room table after it has been prepared 
for eating. It is therefore appropriate that our first chapter 
upon food should relate to its care and preparation in the home, 
In this chapter we shall first learn something about the funda¬ 
mental principles involved in cooking foods; and boys should 
be as much interested as girls in this subject, since they can 
probably make use of the knowledge gained when out camping. 
As a matter of fact, Boy Scouts are encouraged to learn a few 
important things about food not only at camp but also in the 
home. 

The Handbook says: "To obtain a merit badge for cook¬ 
ing, a scout must (i) prove his ability to build a fireplace out 
of stone or sod or logs; build a fire in the fireplace and cook 
the following dishes — camp stew, two vegetables, omelet, rice 
pudding. (2) He must demonstrate his ability to mix dough 
and bake bread in an oven; and also to make tea, coffee and 
cocoa." (3) He must know how to carve properly and to 
serve correctly people at the table." 

Girls are expected to learn about the making of several 
kinds of camp fires and how to use them in cooking if they 
belong either to the Girl Scouts or to the Camp Fife Girls. 

The second part of this chapter will be concerned with bread- 
making. Bread has been properly called the "staff of life," 
and we should all know how it is made. The last two sec¬ 
tions of this chapter will tell us about the causes of foods 
spoiling and how to keep them from spoiling. 
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THE PROBLEMS 

A. On cooking food. 

1. What changes take place in egg-white while it is 

being cooked in water? 

2. Does water always boil at the same temperature? 

3. What is the effect of cooking meat in different ways 

in water? 

4. How does water help us in cooking starchy foods? 

B. On bread and its making. 

5. What does flour contain? 

6. What temperature is most favorable for the growth 

of yeast? 

7. Why does yeast cause bread to rise? 

C. On why food spoils. 

8. What are the organisms which cause food to spoil? 

9. How do bacteria get upon food? 

10. Why does bread mold? 

D. On how to keep food from spoiling. 

11. To pasteurize milk. 

12. To compare raw milk, pasteurized milk, and boiled 

milk. 


A. COOKING FOOD 

Problem 1: What changes take place in egg-white while it is being 
cooked in water? {Class.) 

Directions: Fill a beaker or small stewpan about two thirds full of water. 
Place it on a ring-stand. (See diagram.) 

Pour egg-white into the bottom of a test-tube. Clamp the test-tube 
so that its bottom is half an inch above the bottom of the beaker, and 
the level of the water stands above the top of the egg-white. Clamp 
a chemical thermometer with its bulb in the egg-white, slightly above 
the bottom of the test-tube, Heat the water in the stewpan. 

Watch carefully all changes that take place. 

What is the temperature when the first visible change occurs? Is the 
Water boiling? 

What is the temperature when the egg-white becomes jelly-like 
♦hroughout? Is the water boiling? 
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What is the temperature when the water boils? 

Remove the egg-white from the beaker. What is its appearance? 

Question: How does the apparatus used 
in this experiment differ from a double 
bqiler? What are the advantages of a 
double boiler? 

Problem 2: Does water always boil 
at the same temperature? (Class.) 

Directions: Fill a round-bottomed flask 
half full of water, Support it in a ring- 
stand and heat it until the water boils. 
Test the temperature with a thermom¬ 
eter. 

Remove the heat and immediately 
seat the flask with a cork. Invert the 
flask in the ring-stand, and pour cold 
water over it. What happens? Test the 
temperature with a thermometer. 

Conclusion: Does water boil at the same 
temperature in these two cases? 

91 : c fl 0 t 0 ^ e re-whit e Questions . 

in & test-tuDG «T| ,i 

1. When the pressure upon the sur- 

face of boiling water is lessened, does the water boil more or less 
readily? 

2. Would you expect food to cook more quickly on a mountain-top 
or at sea-level? 

3. Can you suggest any way of shortening the cooking time of boiling 
, food? 

Problem 3: What is the effect of cooking meat in different ways in 
water? (Class.) 

Directions: Fill three glasB beakers two thirds full of cold water. 

Into the first beaker put a small piece of meat. Allow it to stand. 
Into the second beaker put a small piece of meat. Heat it over a 
une. After the water reaches the boiling point, boil five minutes. 

' leat the water in the third beaker to the boiling point. Then throw 
in a small piece of meat. Boil five minutes. 

Remove the beakers from the flame, and compare the appearance of 
the meat and the water in the three beakers. 

Which treatment has removed most juices from the meat? 
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Which treatment has been best to keep the juices in the meat? 
Remove the three pieces of meat from the water. Cut each piece, as 
well as a piece of raw meat. 

Which treatment has softened the meat fibers most? 

Summary: Name two ways in which water helps us to cook meat. 
Questions: 

1. Which of the treatments used in this experiment would be best for 
making soup? Why? 

2. Which would be best for boiling meat? Why? 

Problem 4: Houi does water help us in cooking starchy foods? 

(Class.) 

Directions: Pare two small potatoes. Note the appearance of the pared 
surface. Drop one potato into boiling water. Let it boil gently for 
about half an hour. Test it occasionally with a fork, and note any 
changes which’have taken place in it. 

' While the potato is boiling, cut the thinnest possible slice from the 
other potato. Place a drop of iodine on it. (Iodine turns starch grains 
blue or purple.) 

Watch carefully for any changes. Can the iodine reach the starch 
grains immediately? 

If possible, examine the thin slice with a compound microscope. Can 
you see the cells of the potato? Can you see the grains of starch within 
the cells? Sketch their appearance. 

When the potato is done, remove it from the boiling water. How has 
its appearance changed? What seems to have come from the cells? 
Test a thin slice with iodine, Account for the action. 

Examine the stained slice of boiled potato with the compound micro¬ 
scope. Are the starch grains now included within unbroken cell walls? 
Can you see the shape of the starch grains? 

Summary: 

1. What is the action of boiling water on starch grains? 

2. What is the action on cell walls when potatoes are boiled? 

Why we cook foods; Foods are cooked (1) to make them 
taste better; (2) to make them more easily digestible; (3) to kill 
any bacteria'"or other harmful organisms they may contain. 
Cooking affects foods in different ways: some are made tender 
and others are hardened. The fibers of meat, for example, are 
softened, while an egg is hardened. (See problems 1 and 3.) 
Frying is usually considered the poorest way of cooking foods 
since it is apt to make them indigestible. Unless the fat is 
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very hot it is apt to soak into the food, making it '‘soggy’ 1 and 
covering each little particle with a coating of fat which pre¬ 
vents the digestive juices from quickly acting upon it. 

Cooking food by boiling. Persons who live in some of the 
high passes in the Alps find it very hard to cook their food. 
The reason is easy to see. Distance above the sea-level makes a 
difference in the air-pressure. (See page 12.) You have no¬ 
ticed in boiling water that a bubble of steam is first formed near 
the bottom of the dish, where it is hottest; the bubble then rises 
through the water to the surface, where it bursts and the steam 
escapes into the air. The air presses down on the surface of the 
water; the less the pressure, the easier it is for the steam 
bubble to burst and escape. Therefore we find that as the air- 
pressure becomes less, the boiling point becomes lower. On the 
top of Mont Blanc the boiling point of water is only 84 degrees 
Centigrade. When we cook food by boiling, it is the heat that 
really cooks it. If we cannot get water hotter than 84 degrees 
Centigrade, we cannot boil eggs or other food as quickly as we 
can with water at 100 degrees Centigrade. 

On the other hand, if the air-pressure above the water is in¬ 
creased, the water boils at a higher temperature than usual. 

Steam-pressure canning 
outfits depend upon 
this principle. 

Where it is difficult 
on account of the high 
elevation to cook foods 
by boiling, pressure 
cookers can be used. 
These are metal con¬ 
tainers having a cover 
which canbe held on by 
clamps tightened with 
thumb-screws. When 
foods are put into water in one of these cookers and heated, the 
steam formed presses on the water and raises the boiling point. 
The foods are therefore subjected to a temperature even higher 




Cooking Food 195 

than that obtained by boiling water at sea-level. Kept at thia 
temperature, the foods are cooked in less time than foods cooked 
in open vessels at sea-level. (See figure 92, page 194.) 

Changes produced in food by boiling. Boiling is only one 
method of cooking food. Whatever method is used, remember 
that the heat really cooks the food. Water is used as a safe 
way of applying the heat, and to dissolve certain parts of the 
food. 

When eggs are boiled, the egg-white begins to change long 
before the water boils. Such a hardening as takes place in the 
white or albumen of the egg is called coagulation, or clotting. 
Since the egg is enclosed in its shell, none of its goodness is lost 
by being dissolved in the water. The best way to produce a 
tender, jelly-like egg is to cook it for about ten minutes just 
below the boiling point of water. A "dropped egg” must 
be dropped into boiling water in order to harden the white 
quickly, before the water has a chance to dissolve any of its 
nourishing substances. 

Two changes take place in meat when it is boiled: the fiber is 
softened and some of the juices are removed. If you wish to use 
the water in which the meat is cooked, as in soup or stew, place 
the meat in cold water and gradually raise it to the boiling point. 
In this way the juices are slowly removed from the meat and 
dissolved in the water. If you wish to keep the juices in the 
meat, as in boiled corned beef or fowl, heat it quicklyby plunging 
it in boiling water or by searing the surface with a flame. In 
this way the fibers on the surface are hardened, and the meat 
albumin is coagulated, thus forming a coating which prevents 
the escape of the juices. 

In starchy foods two changes also take place. The starch 
grains are enclosed within the cell walls. The heat of the boil¬ 
ing water causes the starch grains to expand so much that they 
burst, completely filling the cells, and sometimes breaking the 
cell walls. "Mealiness" is produced in a potato by the escape 
of some of the 3tarch grains from the cells. Some of the water 
in starchy vegetables also changes to steam. Unless this is al¬ 
lowed to escape, it condenses again and produces a "soggy," 




Fig. 93. Changes of starch cells in cooking 

a, cells of a raw potato with starch grains in natural condition; 6, cells 
of a partially cooked potato; c, cells of a thoroughly boiled potato. 

unattractive dish. Boiling with a large amount of water is a 
wasteful way of cooking vegetables, because much of the valu¬ 
able food material is dissolved in the water. A better way is to 
use so little water that it is almost boiled away, what is left 
being served with the vegetable. In this way none of the nour¬ 
ishing substances are lost. 

Different methods of cooking, The processes used in cook¬ 
ing may be grouped under two heads: (x) cooking by direct 
heat; and (2) cooking by heat applied through an intervening 
medium. Examples of cooking by direct heat are toasting, 
broiling, and roasting before an open fire. Examples of cook¬ 
ing by heating the surrounding medium or surfaces are: (1) by 
using water as in boiling, simmering, stewing, and steaming; (2) 
,by using fat as in cooking "fried cakes” or French-fried po¬ 
tatoes; and (3) by using heated surfaces as in pan-broiling, 
saut&ng, baking, and braising. In simmering and stewing the 
temperature of the water is slightly below boiling point. In 
saut&ng, a small amount of fat is used in the pan; and in brais¬ 
ing, the meat is placed in a heated oven, in a dosed container 
with a small supply of water to keep the temperature down. 

Cuts of meat. Meat has become such an expensive food thaT 
many people can afford it but seldom. It is not necessary for 
life. In India and Japan, where the population is great, mil¬ 
lions of people have never eaten meat. Milk, eggs, beans, nuts, 
cheese, and fish all contain enough nourishing material to sup* 


Cooking Food 197 

ply our bodies with the proper kinds of food, and are usually 
cheaper than meat. 

We know that meat is either tough or tender. The difference 
is caused by the amount of exercise the different muscles of the 
animal's body have had. Lean meat is muscle. You can easily 
see that muscles lying along the animal's spine and along the 
under parts of the body are not used as much as those of the 
neck and legs. The tough cuts come from the neck and legs; 
the tender cuts from the back and under parts. J ust as much 
nourishment can be obtained from cheap cuts as from the most 
expensive cuts, and they can be made tender by proper cooking. 

Camp cookery. The great increase in recent years of camps 
for boys and girls and the making of trails over our mountains 
and through our forests have made it possible for many more 
than formerly to have the joys of camping. One of the most 
important problems of camp life is that of getting a good supply 
of well-cooked food. The solution of this problem depends on 
the nature of the trip. Before going on an extended camping 
trip for the first time one should get the advice of an experienced 
camper. Excellent books on camping and camp cookery are 
available. Some are listed at the end of this chapter. It is 
well to keep in mind a few fundamentals. First you must avoid 
the danger of your fire spreading, A clear level space should be 
made free from anything that will burn. In the middle of this 
build a small fire. Have a supply of fuel ready before you light 
your fire. Make a loose pile of small twigs. On these lay larger 
twigs with the ends pointing toward the center of the pile. 
Light the small twigs near the center of the pile. For fuel use 
dry wood in order to avoid unnecessary smoke. If splinters are 
partly cut off from the sides of the sticks, they will catch fire 
more readily. Wait until you have a bed of coals before you 
start your cooking. Then add fuel a little at a time. 

In cooking food in camp the same principles should be fol¬ 
lowed as those given on preceding pages. In brief, in boiling 
foods do not use too much water. In roasting, heat the meat 
quickly to save the juices. Use the frying pan sparingly. The 
most digestible food can be cooked without pots or pans. Fish 
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and meat can be broiled by laying the meat on green hardwood 
sticks on a bed of coals. Chicken, potatoes, corn, and onions 
ran all be roasted together in the ground. A hole about two 
feet in circumference and nearly as deep should be dug and 
lined with stones about the size of your fist. On these build a 
fire and keep it burning for at least an hour. While the fire is 
burning, the chicken should be prepared as for roasting. When 
the stones are very hot the ashes and coals should be removed, a 
layer of green leaves laid on the stones, then the chicken 
wrapped in green leaves, Around the chicken lay the potatoes, 
corn, and onions. Cover all with green leaves, then with wet 
burlap or other cloth, and this with hot earth from around the 
fire. The leaves should preferably be lettuce, rhubarb, beet 
tops, or other leaves which have no strong odor, In about two 
. hours the roast dinner should be ready. 

For quick cooking of bacon or strips of meat, a sharpened 
stick for holding the meat over the fire is very convenient. 
You can bake biscuits on a flat stone in front of the fire. There 
are many other ingenious ways of cooking in camp about which 
, you can get information from books on woodcraft. When you 
have finished with your fire, be sure to put it out. Wet the 
ashes thoroughly, or cover them with earth. 


B. BREAD AND ITS MAKING 

Problem 5: What does flour contain? [Home.) 

Directions: Tie a cupful of flour in a ten-inch square of cheesecloth, 
and wash it in a pan of water. 

What changes take place in the water? Wash all material possible 
out of the bag. 

After a few minutes drain off the water from the powder in the pan. 
Test the powder with iodine. Explain your results, 

Remove the material from the bag and knead into a ball. Does it 
ding together? This material is gluten. 

Heat the hall on a pan in the oven and note results. 

Conclusion: Name two substances in the flour. 

Question: Why can you knead and stretch a dough of wheat flour while 
commeal dough falls apart? 
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Problem 6: What temperature is most favorable for the growth oj 
yeast? (Home.) 

Directions: Stir a yeast cake in three-fourths cupful of lukewarm water. 
Divide the solution into three parts. Mix one-fourth cup water and 
* one-fourth cup flour. Add one tablespoonful of molasses. Divide the 
mixture into three parts. In one bowl mix a part of the yeast solution 
with a part of the flour mixture. Set it in cracked ice and salt. 

In a second bowl mix a part of the flour mixture with a part of the 
yeast solution and set it in lukewarm water. 

Heat the remaining part of the yeast solution until it boils. Mix it 
with the flour mixture in a third bowl and set it in lukewarm water. 
Note the results. 

Conclusion: What is the best temperature for the growth of yeast? 
Questions: 

1. If you wish to retard the growth of yeast, how will you treat it? 

2 . If you wish to stop entirely the growth of yeast, how will you treat 
it? 

3. Should you pour boiling water on a yeast cake to dissolve it? 

4. If your bread-dough is light, and the oven not ready, what may 
you do with the dough? 

Problem 7: Why does yeast cause bread to rise? (Class.) 

Directions: Mix a yeast cake with onc-third cupful of lukewarm water. 
Add it to a mixture of one-fourth cup warm water, one-fourth cup 
flour, and one tablcspoonful of molasses. 

Place the whole mixture in a flask or wide mouthed bottle, with a 
stopper and bent glass tube ending in a tube of lime water. 

Explain what happens. 

Conclusions: 

1. What gas is formed in the dough by the action of yeast? 

2. Why does the dough increase in sisc? 

The action of yeast on food. Yeast is one of the invisible in¬ 
habitants of your house which may be a friend or may be a foe. 
Of course a yeast cake is not invisible. But did you know that 
there are millions of separate little yeast plants in one yeast 
cake? You need to use a microscope to see the plants. Each 
plant is a colorless oval, about 1/3000 of an inch in diameter. 
When it is full-grown, a little bud starts to grow from one side. 
We may call it the daughter cell. If you look at yeast with a 
nygroscope you may see a mother with several daughter?, 
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For the yeast plants to grow, they must have food. This 
they get from sugar, if possible. In the process of growth the 
yeast causes sugar to change very 
rapidly into two other substances,, 
alcohol and the gas, carbon dioxide. 

Yeast as a friend—bread-making. 
Bread is called the staff of life . Why? 
It is the commonest of all foods. From 
earliest history bread in some form 
has been used. It is found with the 
mummies in Egyptian tombs. You 
would find "TheHistory of Bread" 
iig. 94. least an interesting subject for a special 

The tiny plants as they 
appear through a microscope, report. 

New plants can be seen bud- ^11 bread, to be palatable, must 

ding from the mother plants. ^ ,, .. , , 

be full of holes. For the lightness 

, of raised bread, we usually depend upon the action of yeast. 
While many kinds of grains make good bread, wheat flour 
makes the best. Two of the most important parts of the 
wheat flour are the starch grains and the gluten. Starch is one 
of the nutrients valuable to the body as an energy-giver. 
Gluten is a wonderfully elastic substance which holds the dough 
together, but stretches as the bread rises. As usual when yeast 
is growing, the sugar, one of the nutrients in flour, changes to 
alcohol and carbon dioxide. Both of these substances pass off 
in the baking, Alcohol has no value in the bread, but the 
carbon dioxide, as it is formed throughout the dough and ex¬ 
pands by the heat of baking, makes the bread light. 

Yeast must have warmth, moisture, and food, if it Is to grow. 
In bread it gets its moisture from the liquid, its food from the 
sugar. We must give it the right amount of warmth. Boiling 
kills the cells; cooling stops their growth. The best tempera¬ 
ture for rapid growth is from 70° F„ to 8o° F., the temperature 
of lukewarm water. 
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C. WHY FOODS SPOIL 

Problem 8 : What are the organisms which cause food to spoil? 

(Home.) 

Directions: Moisten a piece of bread, place it in a saucer, and expose it 
to the air for three or four hours, Then cover with a glass and set it 
aside in a warm place. 

Pour out a little milk into a saucer and set aside in a warm place. 
Boil a potato in its jacket until about half done. Cut in two, place 
each half on a saucer, expose to the air for several hours, then cover with 
glasses and set aside in a warm place. 

Pour a little molasBes into a jar, dilute with warm water and set aside, 
uncovered, in a warm place. 

After a day or two examine the foods for changes in appearance and 
odor. 

Any colored spots show that bacteria have attacked the food. 

A fuzzy white growth or green spots show that mold has attacked the 
food. 

Bubbles or a smell of alcohol show that yeast has attacked the food. 

Summary: Name the organisms which have attacked the food, and de¬ 
scribe the changes caused by each organism. 

Questions: 

x. Where may these organisms have come from? 

2. Why should raw foods be washed before being served? 

Problem 9; How do bacteria get upon food? (Class.) 

Directions: Boil potatoes in their jackets until half done, cut each with 
a knife that has been sterilized by boiling, place the halves on saucers, 
and expose in some of the following ways. Then cover with glasses and 
set aBide in a warm place. 

1. Leave exposed to the air of the room. 

2. Expose in corridors when pupils are passing. 

3. Expose in the street. 

4. Let a fly crawl over the cut surface. 

5. Sneeze on it. 1 

• 6. Rub your finger over it. 

7. Wash your hands with warm soapy water, and rub your finger over 
it. 

Show by a label how each potato was treated. Examine the potatoes 
every day for about a week, and count the number of spots upon the cut 
surfaces. Each spot is a colony of many bacteria, or perhaps mold. 
Watch the development of the colonies for several days. 

Keep a tabular record. 
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Problem 10: Why does bread mold? {Home.) 

Directions: 

Place a piece of moistened stale bread in each of three preserve jara, 
and a piece of dry stale bread in a fourth jar. Expose all four to the air 
of the room for an hour or so. Cover all the jars, using rubbers and half 
sealing them. 

Set the jar with the dry bread in a warm place. 

Place one jar containing moist bread in warm water; boil ten minutes. 
Set aside in a warm place, 

Set the third jar in a warm place, without sterilizing. 

Set the fourth jar in the refrigerator. 

Notice each day any changes that appear, and keep a record. 

Summary: 

1. How does mold get on bread? 

2. What temperature is most favorable to the growth of mold? 

3. Does mold require water for growth? 

Questions: 

1. In what three ways may food be protected from mold? 

2. Why should the bread-box be scalded often? 

Clean foods. If you go to a store to buy food, you prefer to 
patronize a store where everything is neat and clean, where 
there are no flies, and where no dust can settle on the food. 
Within the past few years great improvement has been brought 
about in the conditions under which food is kept in public 
places. In many communities there are laws and ordinances 
governing the care of foods. Inspectors visit wharves, freight 
stations, and markets. From the time the food leaves the farm 
until the time it leaves the store for your home it may be in¬ 
spected by officials who see that the laws in regard to its care 
are obeyed. 

If in your community the food is not kept clean, you, the 
boys and girls who are now studying about foods, can take steps 
to remedy the wrong conditions. If you know of a butcher 
shop where the meat is exposed to dirt and dust, or where it may 
be coughed or sneezed upon by customers or the salesmen in the 
shop, you may be able to waken public opinion in your com¬ 
munity to the dangers of such unsanitary conditions. If you 
know of a grocery store where crackers, beans, or macaroni are 
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left in open barrels, possibly to be visited by the store cat or 
mice, and sure to be touched by flies and dust, you can describe 
the harmful effects of such exposure to your mothers and urge 
them to trade at stores where the food is kept in a clean way. 

If all the mothers in a community should refuse to buy in a 
dirty store, it would not be long before the storekeeper would 
clean up. 

As soon as the food enters your home, however, inspectors 
stop examining it. Then it becomes the duty of the home- 
keeper to see that the food is clean and healthful. Food taken 
on a camping trip must be just as carefully guarded, if the trip 
is to be happy and successful. 

Microscopic organisms which spoil food. Have you realized 
How many other living organisms live in your house besides the 
members of your family? Many of them are invisible until we 
place them under a powerful microscope. From all the micro¬ 
scopic forms in the dust we may pick out three kinds which 
cause food to spoil; they are bacteria, yeasts, and molds. 

Comparison of bacteria, molds, and yeasts. These three 
forms of living things are similar in the following particulars: 
(i) they are all plants; (2) they are all very prevalent — that is, 
they are found all about us; (3) they are all very small; (4) they 
all spread by making very tiny seed-like bodies called spores — 
these spores are found in dust and are blown about by the 
wind; (5) they may spoil foods; (6) they may give certain foods 
their distinctive flavors; and (7) there are helpful and harmful 
kinds of each, though molds are usually harmful. Can you 
i name circumstances under which molds, yeasts, and bacteria 
are helpful or harmful? (See pages 89 and 92.) 

Bacteria are the smallest of these three organisms. Next to 
bacteria come yeasts. Molds are the largest. They differ in 
the lands of foods that they attack. Yeasts usually grow in 
sweet foods; molds and bacteria may attack many different 
kinds of foods. 

The action of bacteria on food. Bacteria are so tiny that 
they cannot take food inside their bodies as we do. Instead 
they attach themselves to food and act on it by absorbing what , 
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they need and making the rest unfit for use. Sometimes they 
change the flavor. Sometimes they cause it to "spoil.” Sour 
milk is due to the action of bacteria. Occasionally substances 
are produced which are actually poisonous. Any one who eats 
food so poisoned may become dangerously ill. 

The action of molds on food. Molds are much the largest of 
the housewife’s three enemies. They are large enough to be 
seen with the naked eye and may even spread so that one plant 
covers a large space; for example, the surface of a slice of bread, 
Large plants, as you have observed, have several organs. 
The purpose of the organs of growth, the roots, stem, and 

leaves, is to get enough N 
food to support the plant. 
The flower is the organ 
in which new plants are 
started. Each organ has 
its own work to do. Molds, 
although such small plants, 
show a similar division 
of labor. The organ of 
growth in a mold plant 
consists of a cobweb-like 
network which forces tiny 
threads between the par¬ 
ticles of bread, jelly, fruit, 
etc., and thus absorbs food. 
The organ jf reproduction is a little ball which grows up from 
the network and finally opens and scatters dust-like spores to the 
wind. Each spore can start a new mold plant. 

How to avoid molds. In order to grow, a mold plant must 
have air, moisture, warmth, and food. It grows best in still 
air. A circulation of air in a ventilated bread-box therefore 
helps to prevent bread from molding. 

Since mold will not grow without moisture, one way of keep¬ 
ing food is to dry it. Fruit wrapped in paper is usually safe 
from mold because the paper absorbs any moisture. On the 
other hand, apples in a barrel may all spoil if one becomes 



Fig. 95, Three common mold plants 
A, aspergillus, green mold; B, penicil- 
llum, blue Dread rtiold; C, mucor, black 
bread mold, showing the root-like organs r; 
runners, stalks, 5 , with fruiting bodies 
which bear the spores. The tiny spores 
are scattered when ripe. 
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moldy, because the spores scatter over them all. Every break 
in the skin is an invitation to enter. Soon whole colonies of 
unwelcome guests are established in the apples. 

Covering foods helps to keep them from molding. Jellies 
are usually covered with paraffin or paper. If a mold spore falls 
on these dry surfaces, it can do no harm. If any spores happen 
to fall on the jelly before it is covered they can grow and spoil 
the top of the jelly. 

Molds grow best at a temperature from 70° F. to ioo° F. 
This explains why foods mold so much more in summer than in 
winter. Keeping foods in the refrigerator helps to prevent 
their molding. 

Yeast as a foe. When preserves '.‘work,” it is because yeast 
plants are there, budding and growing and causing the sugar 
to change to alcohol and carbon dioxide. How did the yeast 
get in? 

Yeast is present as “wild yeast” in the dust in the air. Like 
the mold spores, the yeast plants may fall on preserves before 
they are covered, and cause much trouble. One reason why 
the “cold-pack" method of canning is so successful is that no 
yeast may grow in the jars, since yeast plants are killed by 
boiling. (See page 207.) 

D. HOW TO KEEP FOOD FROM SPOILING 
Problem n: To pasteurize milk. ( School and home.) 

{Note: Most of the disease-producing bacteria in milk may be de¬ 
stroyed in the following way.) 

Directions: Arrange an apparatus consisting of a pail or large kettle 
with a rack in the bottom. Why is it necessary to raise the bottles fron 
the bottom of the pail? 

Wash the outside of the bottles of milk by holding them under tin 
faucet, and set them in the pail. 

Punch a hole through the cap of one of the bottles and insert a ther¬ 
mometer. 

Fill the pail with water nearly to the level of the milk. 

Heat until the thermometer in the milk shows not less than 150° F 
nor more than 155° F. 

Remove the bottles and let them stand twenty minutes, covered with 
a doth. What is the temperature at the end of this time? 
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Place the bottles in cold water. Remove the thermometer. Replace 
the punctured cap with a new one. Store the bottles in a cold place. 


Problem 12: To compare raw milk, pasteurized milk, and boiled 
milk. {Home.) 

Directions: In glasses place portions of raw milk as you get it from the 
farm or from the milkman, pasteurized milk, and milk brought to the 
boiling point and cooled. 

Compare the appearance of the three kinds. 

Taste the three kinds. Which has the pleasantest taste? the least 
pleasant ta9te? 

Place portions in a warm place. Test frequently by smelling and with 
litmus paper for souring. Wliich sours first? Which sours last? Do 

any of the samples change in other ways than by souring? 

/ 

Summary: Name the advantages of each kind of milk. 

How to protect food 
againstmolds, harmful 
bacteria, and yeasts: 

(1) It is necessary 
to keep these organ¬ 
isms out of foods. For 
this reason bread is 
wrapped in waxed pa¬ 
per; jars of jam and 
other preserves are 
tightly sealed; other 
foods are canned 01 
covered in various 
ways. 

(2) It is necessary 
to kill them in foods 
which may already 
contain them. The 

most common way of doing this is by boiling. Another wav 
is to expose them to the action of direct sunlight, which for¬ 
tunately kills many kinds of bacteria. A sunny kitchen is a 
more healthful place than a dark kitchen. Do you undet stand 



Fig.. 96. Diagram showing the circulation 
of air In two types of refrigerators 
Air entering the ice diamber is freed from • 
odors, cooled, and sinks through the bottom 
openings, drawing in the warmer air at the top. 
Butter, milk, and meats should occupy the 
coolest space, while food having a strong odor 
(like some vegetables and fruits) should be 
placed where the air is just about to enter the 
ice chamber. 
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why many housewives put jelly in the sun before covering it 
per man ently? Why is it wise to cover the jelly with a pane 
of glass while it is in the sun? 

(3) It may be necessary to treat the foods in such a way as to 
prevent the growth of any of these microscopic plants. Per¬ 
haps the most common way in which this is done is by refrigera¬ 
tion. It has been found that bacteria cannot grow well in a 
cold place. For that reason food which spoils quickly, like 
milk, should be kept in the ice-box when not in use. The 
temperature of a refrigerator does not kill the organisms, but it 
keeps them from increasing. In camp, milk can be kept cool 
by wrapping a cloth around each bottle and setting it in 
water. Explain. (See page 141.) 

(4) Another common way of preserving foods from the attack 
of yeasts, molds, and bacteria Is to use salt and certain chemi- 
tals, called preservatives. 


The cold-pack method of canning. One of the best ways to 
keep food from spoiling is to can it Housewives have for 



Tig, 07, Canning by the cold-pack method 

years canned or preserved certain foods. In recent years a 
method of canning called the cold-pack method has come into 
use and proved very successful. Cold-pack canning simply 
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means packing the food uncooked or partially cooked, dosing 
the can and sterilizing the food in the can. The whole secret 
of success is cleanliness. One should start with clean hands, 
clean utensils, clean, sound, fresh products, and pure water.' 
Full directions for canning by this method may be obtained 
from Canning Fruits and Vegetables at Home (Farmers’ Bulletin 
No. 1471, United States Departmentof Agriculture). Boys and 
girls the country over are working in Canning Clubs to help 
conserve the food of the country, and are earning money by so 
doing. 

The essential part of the process is sterilizing the food, that is, 
killing every harmful organism in it. Boiling is a sure way of 
killing, if the boiling is carried on long enough. Merely bring¬ 
ing a food to the boiling point will not kill all bacteria. For 
every kind of food there is a particular length of time that it 
must be boiled. For example, apples will keep if sterilized 
’twelve minutes, while peas need to be sterilized three hours. 
Use the time-table furnished with the Government directions, 
and you will have success. 

Drying foods. Drying has been used as a way of preserving 
foods for thousands of years. It is nature’s way. Seeds that 
are left to ripen on plants become dry, and then may be kept for 
years. If planted, they grow, because the plant in them has not 
died, but is merely dormant, or asleep. Seeds found in Egyp¬ 
tian mummy-cases have even been known to grow, after their 
sleep of many centuries. 

We are accustomed to many kinds of dried foods. Dried 
prunes, raisins, figs, dates, and apples can be bought at any 
grocery store. Beans, peas, tea, and coffee are sold in the dried 
fortn. Nearly all kinds of food may be dried and thus kept safe 
from attacks of bacteria, molds, and yeasts. We have found 
that all these household enemies need moisture. Unless enough 
moisture is given them they cannot grow. It is not necessary 
to drive every particle of moisture out of food in order to keep 
it; indeed, perfectly dry food is worthless. Enough must be 
driven out to prevent the growth of organisms, but enough 
must be left to prevent the cells from crumbling, so that later, 
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when we prepare the food for eating;, the cells can soak back 
as much water as they lost. 

To prepare dried food for eating;, soak it long enough for it to 
absorb as much water as it lost. It is better to cook it in the 
same water, and thus save any nutrients which dissolve in the 
water. 

Pure milk- If the milk producer and the milk dealer have 
done their duty, you should receive at your door clean, cold, 
pure milk. Unless you treat it properly then, it may become 
unfit for food, especially for babies. Some ways by which 
housekeepers allow milk to spoil are (1) by placing it in unclean 
dishes; (2) by exposing it unneces¬ 
sarily to the air; (3) by failing to 
keep it cool; and (4) by exposing it 
to flies. 

The enemies of milk are bacteria. 

Milk is always the home of certain 
kinds'of bacteria. One kind causes 
milk to sour. Another kind helps 
to flavor butter; this is a friendly 
kind. Still another kind causes milk 
to decay or putrefy after a time. 

Worst of all, disease-producing 
bacteria may have entered the milk. 

Diseases known to be spread by 
milk are tuberculosis, typhoid fever, 
scarlet fever, diphtheria, and the intestinal troubles which are 
so dangerous to babies. 

A dish may look clean and yet have bacteria upon It. It is 
best to keep milk in the bottle in which you receive it. If that is 
impossible, put it in a dish which has been washed in very hot, 
soapy water, rinsed and thoroughly dried and cooled. Keep a 
cover over the dish. If the dish is exposed to the air, it is sure 
to receive bacteria from dust and may be visited by flies. 
Bacteriologists (scientists whose special study is bacteria) have 
found over a million bacteria on a single fly. Flies are particu¬ 
larly apt to carry typhoid fever and internal diseases, It is 



Fig. 98. Dirty milk, pho¬ 
tographed through a mi¬ 
croscope 

Bacteria are shown, some 
of which may be able to pro¬ 
duce disease. 
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desirable to wash the outside of the bottle in which milk comes 
before opening it and using the milk. 

Pasteurized milk. A good way of making sure that milk is 
safe for babies to drink, and for older people, too, is to pasteur¬ 
ize it. Pasteurization is named from one of the greatest scien¬ 
tists the world has known, Louis Pasteur. The process consists 
i of heating the milk, in the bottles in which it is to be used, to a 
temperature of between 150° F. and 155 0 F. Most disease- 
producing bacteria are destroyed 
in this way without injuring the 
flavor of the milk. 

Most milk delivered in cities is 
now pasteurized in the bottles as a 
safeguard to public health, 

Louis Pasteur and his work. The 
Frenchman, Louis Pasteur (1823- 
95), was the scientist who made by 
far the most important discoveries 
in the field of preventive medicine. 
He was a gentle, devout man in¬ 
spired by love of mankind, to whose 
service he dedicated his life. To 
begin with, he inherited from his 
parents thoughtfulness and imagination, two characteristics 
of great value in scientific research. Then as a young man he 
made a special study of chemistry. His earliest work included 
microscopic study of organisms, especially yeast and its in¬ 
fluence in causing alcoholic fermentation, that is, the conver¬ 
sion of sugar into alcohol. Later, while a professor in differ¬ 
ent French universities, he became eminent in the field of 
bacteriology. He not only showed how to combat various 
germ diseases that were ruining the vineyards and the culture 
of silkworms in France, but he applied his discovery to the pre¬ 
vention of germ disease in human beings. 

Without his work, there would to-day be no antiseptic 
surgery, and no milk for babies made safe by pasteurization. 
There would be no cures for hydrophobia (rabies), diphtheria, 



Fig. 99. Louis Pasteur 
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lockjaw, and bubonic plague, because vaccines and antitoxins 
that defeat these diseases have been perfected at the Pasteur 
Institute in Paris, where his work has been extended. There 
are similar institutions in as widely separated places as Tunis, 
Algiers, and New York. 

France regards Pasteur as the greatest man ever bom on her 
soil. A recent French postage stamp bears his portrait. He is 
honored throughout the world, for his part in bringing to un¬ 
told thousands immunity from disease and suffering. 

Dangers in meat. If the animals from which we obtair 
meat are themselves unhealthy, they may contain in their flesh 
little animals which can enter the human body and produce 
disease. Tapeworms come from beef. Pork may contain little 
“parasites” which produce a serious disease. One way to 
protect ourselves against these is to cook the meat thoroughly. 
Inspection of all meat that is sold is now required. Great 
improvement has thus been brought about in recent years in 
the quality of meat. 

Other diseases are due to bacteria which may he in meat 
which has been kept too long, or which has not been kept 
thoroughly chilled. The development of improved methods of 
cold storage and of refrigerator cars has done wonders in mak¬ 
ing it possible to keep meat free from contamination. 

After the meat has been brought out of cold storage, however, 
the bacteria which may have been in it all the time are given a 
chance to grow. New bacteria from dust and flies may get on 
the meat and develop rapidly. Therefore meat should be 
used as soon as possible after having been brought from cold 
storage. 

Cleanliness in the kitchen. The kitchen should be the 
cleanest room in the house. We can all learn lessons from great 
bakeries and even slaughter-houses in regard to cleanliness. 
Some bakeries require that every employee shall wash his 
hands on returning to the room after leaving it for any purpose 
whatever. 

“Food and fingers are carriers of contagion.” The fingers 
which handle food must be especially clean. Running water, 



212 


Foods and How We Use Them 

good soap, a nail-brush and nail-cleaner are all necessary parts 
of the equipment of every kitchen. 

Dishwashing, the bugbear of many a girl, may be a much 

pleasanter and much 
cleaner operation than it 
usually is. A bacteriologist 
calls the usual way of 
washing dishes a “smear." 
From what you have 
learned about bacteria and 
their dangers, can you not 
see how important it is 
to be immaculately clean 
about the dishwashing? 

Use plenty of hot water 
andsoap. Change thewater 
as soon as it becomes at all 
greasy. Rinse the dishes in 
boiling water. If you wipe 
them, use a clean cloth. A 
better and quicker way 
than to wipe them is to 
Fig. ioo. Number pf bacteria left stack the dishes in a good 

wa£g 0S dt6r <USerent m6tll0dS ° f drainer after rinsin * and 

pour boiling water over 

them. They will dry by evaporation in a few minutes. 

The work of a city health department. An efficient munic¬ 
ipal health department concerns itself with everything which 
has to do with the health of the city. It makes regulations 
about the sale of food, the treatment of sickness, and many 
other such matters. 

Boston is one of the cities which forbid, the exposure of many 
articles of food to flies and to the dust of the street. There is 
another regulation which says that all places where food is sold 
and all people who sell it must be clean and wholesome. No 
room in which food is kept, prepared, or sold may be used for 
living purposes. Newspapers or dirty paper must not be used 
for wrapping food. 



Direct from the table 
57,000 bacteria 
per average dinner plate 

After washing In 
lukewarm water 
No rinsing 
259,000 bacteria 
per plate 

• After washing end rinsing 
In lukewarm water 
57,000 bacteria per plate 

• Washed in warn water, no rtaalng 
80,000 bacteria per plate 

• Washed and rinsed in warm water 
10,600 bacteria per plate 

• Washed In warm water, rinsed In hot] 
6,100 bacteria per plate 

• Washed in hot water, not rinsed 
5,000 bacteria par plats 
_ Washed and rinsed in hot water 
• 1,400 bacteria par plate 

No bacteria found on dishes washed and rinsed In 
boiling water. 
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Milk and cream which are for sale must be kept ail the time 
in clean refrigerators or coolers. 

Milk must be sold in tightly closed bottles. 

No person’s hands, lips, or tongue must touch milk offered 
for sale. 

All milk bottles must be washed at once after emptying, and 
nothing other than milk may be kept in them. 

REVIEW OUTLINE 

A. Cooking food 

1. Why we cook food 

2. How we cook food 

a. By boiling 

(1) Changes produced 

b. By direct heat 

c. By heat applied through another medium 

3. Cuts of meat 

4. Camp cookery 

B. Bread and its making 

1. The action of yeast on food 

2. How to make bread 

C. Why foods spoil 

1. Importance of clean food 

2. Organisms which spoil food 

a. The action of bacteria 
i. The action of molds 

(1) How to avoid molds 
c. The action of yeast 

t>. How TO KEEP FOOD FROM SPOILING 

1. Protection against harmful organisms 

2. Cold-pack method of canning 

3. Drying foods 

4. How to keep milk pure 

0. Pasteurization 

(1) Louis Pasteur and his work 

5. Dangers in meat 

6. Cleanliness in the kitchen 

7. The work of a city health department 



214 


Foods and How We Use Them 
INDIVIDUAL PROJECTS 



Boys’ and Girls’ Clubs: . . ,, ,. ,, 

running Clubs and Home Economics Clubs may be formed by fol¬ 
lowing suggestions furnished by the Office of 
Cooperative Extension Work, Washington, 
D.C. 

Camp-Fire honors in Home Craft are many. 
How many can you earn in a week? 

Working projects: 

I. A trip to a large bakery to find out how 
bread is made. By observation and by 
questioning find answers to as many of 
the following questions as possible. 
What kinds of 
flour are used? 

Where does the 
flour come from? 

What liquid is 
usedin the bread? 

What is used to 
make the bread 
rise? 

How is the bread kept clean? 

In what processes does machinery take the 
place of hands? 

How is the bread baked? 

Make a loaf of bread. All the girls in the 
class might have a bread contest, with an 
exhibition at school, and a committee of 
mothers to judge the best loaves. 

Make a card catalogue cookbook, 

Make an investigation of the food stores of 
the town or neighborhood. Good project 
for boys. Make a score card for each store, 
marking for: 

Food covered or not, 

Presence of flies. 

Neatness of arrangement. 

Appearance of employees, etc. 

Can vegetables and fruits by lie cold-pack 
method, ‘ ' - 


Fig. ioi. A home¬ 
made drier 
The racks and trays 
can be used without the 
cabinet. 



Fig. 102. An Iceless 
refrigerator 
It consists of a 
wooden framework 
covered with canton 
flannel. Wicks of the 
same material rest in 
a pan of water on top. 
The bottom pan also 
contains water. From 
the wet cloth the wa¬ 
ter evaporates, taking 
heat from the in¬ 


side. The refrigerator 

u,• , tt e ,_ *. r should stand in a cool 

. . Write to U.S, Department of place where air can 

Agriculture, Bureau of Home Economics, circulate freely, 
for the latest bulletin of Instructions. 

6 . Dry sweet com or other vegetables on drying racks. (See figure 
ioi.) Directions for making racks are found in Farmers’ Bulletin 
841. 

7. Make an iceless refrigerator. (See figure IQ2.) 

8 . Clean the refrigerator at home, 
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9. Visit a canning factory. Observe carefully how the products are 
prepared, sterilized, and sealed. 

10. Visit a dairy or a milk station. Find out where the milk comes 
from, how it is pasteurized, and how it is distributed. 

Reports: 

A few suggestive subjects are named below. Others may appeal to 
you, after reading the list of books given below, and working out the 
problems in this chapter, Use the library, consult town and state au¬ 
thorities, and collect exhibits for your work. 

I, Dust in its relation to food, 2. Flies and food. 3. Activities of 
local and State Health Departments in regard to food inspection. 
4. The life and work of Louis Pasteur. 5. How our meat reaches 
us. 6. The story of bread. 7. Harmful preservatives in food. 
8. Parasitic insects in food. 

BOOKS THAT WILL HELP YOU 

Bacteria, Yeasts and Molds in the Home. H. W. Conn. Ginn. 

Non-technical, with many suggeative experiments. 

The Book of Wonders. Presbrey. 

“The Story in a Loaf of Bread." 

Boy Scout Handbook. Boy Scouts of America. 

The Cost of Cleanness. E. H. Richards. Wiley. 

Dust and tls Dangers. T. M. Prudden. Putnam. 

Food and Health. Kinne and Cooley. Macmillan. 

For grammar grades. 

Foods and Household Management. Kinne and Cooley. Macmillan. 

■ For older pupils. 

Health in Home and Town. B. M. Brown. Heath. 

Household Science and Arts. May Morris. American. 

How to Make Bread and Rolls. Boys' and Girls' Bookshelf. (Vol. 10, 
p. 150), University. 

Manual af Activities. Camp Fire Girls. 

Scouting for Girls. Girl Scouts, Inc. 

Theory and Practice of Cookery. K. R. Fisher, ("Bread," pp. 102-05.) 
Macmillan. 

Wonders of Science, School Edition. E, M. Tappan, Editor. Houghton. 
"How Idaho Got Pure Food." 

Farmers' Bulletins, United States Department of Agriculture: 

34, Meats: Composition and Cooking. — 128, Eggs and their Uses as Food, 
— 363, The Use of Milk as Food. — 375, Care of Food in the Home. — 413, 
Care of Milk ana Use in the Home. — 459, House-Flies. — 521, Canning 
Tomatoes at Home and in Club Work. — 841, Drying Fruits and Vegetables 
in the Home. 

Time-Tables for Home Canning of Fruits and Vegetables. (United States 
Department of Agriculture, Bureau of Home Economics.) 

Extension Circulars, United States Department of Agriculture: 

38, Canning. — 32, Evaporating, 

Publications of the International Harvester Co,, Chicago: 

Cold-Pack Canning. — T 7 <e Story of Bread. — A Home Made Fly-Trap. 
Health Bulletins of the Metropolitan Life Insurance Co,, New York: 

All about Milk. 

Bulletin of the University of Illinois: 31, Principles of Jelly-Making. 
Economy in the Buying, and Preparation of Meats. E, L. Wright, Wilson, 
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FOOD — ITS USE AND COMPOSITION 

Introduction. We all know that food makes growth possible 
and maintains our strength. Unless one has studied the subject, 
however, one would not know very much about how foods vary 
in their ability to furnish material for growth or repair and for 
energy or strength. In this chapter we shall become acquainted 
with food values of this kind. In order to do this we must find 
out about the nature of the substances composing foods. The 
presence or absence of these food constituents in any article of 
food may be ascertained by means of tests such as are per¬ 
formed by food-chemists. We shall learn some of these tests 
and study food charts, some of which have been prepared by 
experts employed by the United States Government. 


■ THE PROBLEMS 

A. Ok the sources and uses of foods. 

1. What are the sources of our foods? 

2. To keep a record of my diet for a week. 

3. To find how heat is measured. 

B. On food constituents. 

4. To test foods for starch. 

5. To test foods for sugar. 

6. To test foods for fat. 

7. To test foods for protein. 

8. To test foods for water. 

9. To test foods for mineral matter. 

C. On the food charts. 

xo. To compare the nutrient value of different foods. 

11. To compare the fuel value of different foods. 

12. What foods are most valuable for their mineral 

content? 

13. What foods are most valuable for their vitamin 

content? 
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A. SOURCES AND USES OF FOODS 

problem u What are the sources of our foods? (Home.) 

■Directions: Arrange a table with three columns: 

In the first column write the names of kinds of food which come from 
animals. In the second column write the names of foods which come 
from plants, including roots, leaves, fruits, and any other parts. In the 
third column write the names of any foods which come from neither 
animals nor plants. 

Summary: From what source do most of our foods come? 

Questions: 

1. Where do animals get their food? 

2. What is the greatest source of food? 

Problem 2: To keep a record of my diet for a week. ( Home .) 

Directions: Keep a careful record of all the food eaten during a week's 
time, arranged by meals. This record will be used as a basis for some 
of the later problems in this chapter. 

Problem 3: To find how heat is measured. ( Class ,) 

(Note: The heat unit found in this problem may be used to measure 
the energy value of foods.) 

Directions: Pour into a pietal container or calorimeter a liter of water. 
Place a Centigrade thermometer in the water and determine its tem¬ 
perature. Place the calorimeter with the water and the thermometer 
on a tripod and gently apply heat. 

Watch the thermometer and note when the temperature has risen 
one degree Centigrade. The water may now be said to have absorbed 
What is called a Calorie. 

(Definition — A Calorie is the amount of heat needed to raise a 
liter of water i° C, Note to teacher: This unit is the " large Calorie,” 
and should not be confused with the ‘‘small calorie" — the amount 
of heat required to raise the temperature of one gram of water one 
degree Centigrade.) 

Continue to watch the thermometer and apply heat until the tempera 
ture has risen io°, 20°, 30°, from its starting-point. How many Calories 
has the water absorbed at each of these times? 

Questions: 

1. Does it take more or less heat to raise two liters of water than to 
raise one liter through the Bame number of degrees? 

3. Suppose, in the above experiment, that two liters of water had 
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been used instead of one liter. How many Calories would have 
been absorbed when the temperature rose 10°, 20°, 30° C.? 


Hew we use food. The food which we eat serves the follow¬ 
ing purposes: 

1. Food helps growth and also helps to regulate health. Con¬ 
sider the difference between your size as a baby and now. The 
tremendous increase in the size of the bones, the number of the 
teeth, and the strength of the muscles have all been made 
possible by the food which you have eaten. During the high- 
school period a girl or a boy should continue to gain at the rate 
of about ten pounds a year. 

Many boys and girls who are frail need only to select their 
food wisely in order greatly to improve their health. Theo¬ 
dore Roosevelt as a boy of thirteen was slender and delicate; 
but through proper exercise and food, and by a life in the open, 
he built himself up and became a strong, vigorous man. Are 
you sure that you are eating the right kinds of food to produce 
robust health? 

2. Food furnishes energy. Do you realize that even when 
you are asleep some activity is going on? Your chest is rising 
and falling as you breathe; your heart is pumping the blood 
through your body; the muscles of the digestive system are 
helping to carry on digestion. In your waking hours the energy 
which you are using is greatly increased, The power to play 
tennis or baseball, to saw wood or cultivate the garden is all 
furnished you by the food which you eat. In order that we 
may understand much of what follows in this Chapter, as well 
as in the next one, it is necessary at this point to inquire a little 
more definitely into what is meant by ‘ 1 fuel value ” or “ energy 
value” of foods. To do this we must study the meaning of the 
term "Calorie.” 

The Calorie or heat unit. The word Calorie has come into 
very general use in connection with the energy-giving power of 
foods. A Calorie is a unit of heat just as an inch, foot, yard, 
etc., are units of measure or just as a pound or ton is a unit of 
weight, You know that the dimensions of a room can be 
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\ oxmti 


measured, but perhaps you have never thought it possible to 
measure accurately the amount of heat-producing material con¬ 
tained, for example, in a ton of coal or a loaf of bread. It is, 
however, just as possible to do this as to measure the length, 
breadth, and height of a room. 

A Calorie, as the term is usually applied n 

to foods, is the amount of heat which r 

enters into one liter of water when its tern- r 
perature is raised approximately one de- f 
gree centigrade. Thus, when we say that ^ CO \ PI> mmii f 
a pound of butter contains 3400 Calories, a fekgggg: 
we mean that when oxidized it would give j| 
off enough heat to raise the temperature if Srfeg 
of 3400 liters of water one degree centi- 1] ' T - ’ pH 

grade. That is a considerable quantity |f id ggpg 
of heat, and yet men at hard labor require 1 p ; =|p 
in one day an amount of energy-supplying § |g fiP| jPg 
food whose heat equivalent is greater ic|E||g|g: 

than 3400 Calories. The average man 
requires somewhat less, some authorities to be burned 
putting the estimate as low as 2800 Fig. 103. A bomb 
Calories. calorimeter 

The way in which the fuel value of any t |,JB V aluJffids! 
given quantity of food is determined is by Thelbod is burned in 
burning it in a special kind of calorimeter fit" giS’ off'raises 
and then measuring the amount of heat the temperature of the 
produced in terms of Calories. Thus it is 8Urroun ' )in ff water ' 
possible to find out how much energy it is capable of producing 
in the body when slowly oxidized. (See figure 103.) 

Fuel stored in our bodies. When we compare our bodies 
with engines and our food with fuel, we must realize that al¬ 
though this is a good comparison in many respects, it is true 
that our bodies can do what no kind of man-made engine can do 
— store up fuel for future use. Every one has some fat in his 
body and this is a surplus store of fuel ready for use in emer¬ 
gencies. In time of illness, for example, when little food can be 
eaten, the energy for bodily activities may thus be furnished, 


SUBSTANCE 
TO BE BURNED 

fig. 103. A bomb 
calorimeter 
TJsed to determine 
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We all know that people often become thin as a result of a long 
illn ess. This is due to the oxidation of the fat in their bodies. 

B. FOOD CONSTITUENTS 
Problem 4: To test foods for starch. 

Directions: 

Part x: What is the test for starch ? (Class.) 

In one test-tube place a little cornstarch; in other test-tubes about 
the same amount of sugar, salt, lard, and egg-white. 

Into each tube drop,a little iodine solution. What is its color? 
Watch and describe the effect on the substances in the tubes. 

Why is iodine used as a test for starch? 

Part 2: Testing seeds. (Pupils.) 

Use seeds which have been soaking over night. Large seeds, such as 
kidney beans, lima beans, peas, com kernels, etc., are best. 

Cut open the seeds to be tested. Place them in a small dish and 
drop a little iodine upon each seed. 

Watch the eflects for some minutes. 

Part 3: Testing other foods. (Pupils.) 

Use the same test for other foods, such as bread, potato, meat, vege¬ 
tables, and nuts. 

Question: Is the purple substance starch? 

Summary: Make two Hats of foods: (1) those containing starch; and 
(2) those which apparently do not contain starch. 

Problem 5: To test foods for sugar. 

Directions: 

Part x: What is a test for sugar? (Class,) 

Place small amounts of grape sugar, salt, cornstarch, egg-white, and 
lard in test-tubes. Add a little Fehling's solution. This can be bought 
at a drug-store; or, you can make it yourself as follows: dissolve 35 
grams copper sulphate in 500 cubic centimeters of distilled water. Dis¬ 
solve 123 grams Rochelle Salt (sodium potassium tartrate) in 500 cubic 
centimeters of distilled water, Keep the solutions separately and mix 
equal volumes as needed, Heat gently. Observe all changes until 
the substances have each boiled two minutes. Allow the test-tubes 
to stand a few minutes. 

In which tube do you find a brick-red powder? 

Describe the test for sugar. 

Part 2: Testing foods. (Pupils. Each pupil should test at least one 
kind of food.) 
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Grind up the seeds to be tested, and place them in separate test- 
tubes. Use small quantities of other foods. Add Fehiing's solution 
and boil. Watch for the orange or brick-red color. 

Question: Does the brick-red powder indicate the presence of sugar? 
Summary: Make two lists of foods: (i) those containing sugar; and (2) 
those which apparently do not contain sugar. 

Problem 6; To test foods for fat. 

Directions: 

Part 1: What is the test for fat? (Class.) 

On squares of brown paper place small amounts of lard, sugar, corn¬ 
starch, salt, and egg-white. Leave them a few minutes on a warm sur¬ 
face like a radiator or pan over a gas-burner. 

Remove the food and examine the paper. Which food has made a 
grease spot on the paper? 

Find out from the food chart on page 232 the nutrient most abun¬ 
dant in lard. 

Describe a test for fat. 

. Part 2: Testing seeds and other foods. (Home.) 

The seeds must be ground up fine. Test common seeds used for food; 
also nuts, castor-oil beans, flaxseed, flour, cocoa, chocolate, etc. 

Place small heaps of the ground seeds each on separate papers; heat 
gently; and look for grease spots. 

Summary: Make two lists of foods tested: (1) those containing fat; 
and (2) those which apparently do not contain fat. 

Problem 7: To test foods for protein. 

Directions: 

Part 1: What is the test for protein ? (Class.) 

In four test-tubeB place egg-white, sugar, salt, and cornstarch. 

Into each test-tube pour a little dilute nitric acid (.Cautionl), heat 
gently, and watch results. 

Which food becomes yellow in color? 

Now add to the mixtures in the test-tubes a little dilute ammonium 
hydroxide. 

Which food becomes orange in color? 

Find out from the food charts what nutrient, aside from water, is most 
abundant in egg-white. 

Describe the test for protein. 

Part 2: Testing foods. (Class.) 

Place each kind of food to be tested in a separate test-tube; add nitric 
acid; heat gently; and add ammonium hydroxide. 
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Question: Are the yellow and orange-colored substances protein? or are 
they new substances produced by chemical action? 

Summary: Make two lists of foods tested: (x) those containing protein) 
and (2) those which apparently do not contain protein. 

Problem 8: To test foods for water . 

Directions: 

Part 1: What is a test for water? (Class,) 

Place a small amount of water in a test-tube. Heat it. What ap¬ 
pears on the sides of the tube? Into what does the water change? 

If water is present in anything which is heated, what happens to the 
water? 

Part 2: Testing foods. (Each pupil should test at least one kind of 
food.) 

Use apparently dry foods of different kinds. Cut or grind, and place 
each kind in a separate test-tube. Heat, being careful not to char the 
food. 

Summary: List foods is directed in preceding experiments. 

Problem 9: To test foods for mineral matter. 

Directions: 

Part 1: What is the test for mineral matter? (Class.) 

Place small amounts of salt, lard, sugar, and cornstarch on squares of 
asbestos sheeting. Try to burn up each substance with a Bunsen 
flame. {Caution I) 

Which food is not completely burned up? 

Find out from food charts whether there is any ash in each of these 
foods. 

Describe the test for ash or mineral matter. 

Part 2: Testing foods. (Class.) 

Use foods ground up fine. Burn each kind on a separate piece of 
asbestos sheeting. Look for while ash. 

Summary: List foods as previously directed. 

Substances composing foods. Every article of food that we 
know anything about consists of one or more of six fundamental 
food substances. These food units are called nutrients or food- 
constituents. 

The six kinds of nutrients, with the elements of which they are 
composed, are shown in the table below. Most of the nutrients 
are very complicated chemical compounds. 
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Nutrient 

Examples 

Elements present 

I. Carbohydrates 

Starch and sugars 

Carbon, hvdroeen, oxveen 

II. Fats 

Butter, lard, etc. 

Carbon, hydrogen, oxygen 

III, Proteins 

Lean meat, egg-white, etc. 

Carbon, hydrogen, oxygen, 
nitrogen, sulphur 
(sometimes phosphorus) 

IV. Water 

Water 

Hydrogen, oxygen 

V. Mineral matter 

Sait, "ash” left when 
many different kinds of 
food are burned 

The following different 
elements have been 
found in “ash” of dif¬ 
ferent fcKids: 

Phosphorus 

Calcium 

Iron 

Sodium 

Chlorine 

Sulphur 

Potassium 

Magnesium 

Iodine 

Silicon 

Fluorine 

VI. Vitamins 

Abundant in milk, fresh 
vegetables, and fruits 

Carbon, hydrogen, oxygen 


Since foods replenish the materials that are being used in 
plants and animals, it would be natural to suppose that foods 
consist of the elements present in living things. (See page 76.) 
The four elements found in greatest amounts in plants and 
animals are carbon, oxygen, hydrogen, and nitrogen. These four 
elements are also given off in the materials which come from the 
living things as wastes. Therefore they must be supplied to 
them to make good this loss. 

The carbohydrates. The term carbohydrate is used to in- 
elude three general groups' of food — the starches, the sugars, 
and cellulose (the cell walls in plants). 

Starch is found entirely in vegetable products. Grains such 
as wheat, rice, barley, and corn contain large quantities, and 
consequently the products made from them furnish some of our 
principal sources of starch — flour, macaroni, and cornstarch, 
for examples, Of the common vegetables, potatoes, both white 
and sweet, and beans and peas are rich in starch. How many 
others have you found to contain starch ? 

Sugars are of several kinds. Milk contains sugar of milk, or 





224 Foods and How We Use Them 

lactose. Fruits are rich in sugars. Dates, raisins, prunes, 
grapes, bananas, and oranges are just a few of the fruits which 
can furnish sugar for our diet. Vegetables also contain sugar: 
for exam ple, beets, sweet corn, peas, sweet potatoes, and 
squash. 

The principal use of the starch and sugars in our food is to 
furnish energy. The more active we are, the more of this kind 
of food we need. If, however, we eat more starchy food and 
sweets than we need for energy, the surplus may be stored in 
our bodies as fatty tissue. Persons who wish to reduce their 
weight should eat sparingly of such food. 

Cellulose is the fibrous material of which the tough cell walls 
in plants are made. Practically all vegetables contain it. 
Cellulose is not really a nutrient, since it is not digested in the 
body, but it is very useful in giving bulk to the food. We 
should eat plenty of such “ roughage,” as the dietitians or food- 
specialists call it, to help keep our bodies in a healthy con¬ 
dition, especially for the purpose of avoiding constipation. 

Fats. Fats are composed of exactly the same three elements 
as are carbohydrates, but they are combined differently. Our 
chief sources of fat are butter, lard, oil, cream, and fat meat, but 
we also get considerable amounts from nuts, olives, eggs, and 
cheese. Fats, as well as carbohydrates, are used principally as 
fuel to furnish energy. Some fats also contain one of the vita¬ 
mins which are essential for growth. 

Proteins. You have found in your food tests that many 
foods contain protein, If you should study further into the 
science of nutrition, you would learn that proteins are not all 
alike, either in their composition or their value to our bodies. 
They are all composed of what are called amino acids, some of 
which are absolutely essential for proper growth. The proteins 
which most efficiently promote growth or repair are found in 
food obtained from animal sources, such as milk, eggs, meat, 
and fish. In vegetable products seeds, such as cereal grains, 
peas, beans, and nuts, are the richest in protein. What other 
protein-containing foods can you find by studying the chart on 
pages 234-35? 
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Besides promoting growth, proteins may also furnish energy. 
Scientists have found that about one tenth of our energy may 
come from the oxidation of proteins. Since protein, foods are 
relatively expensive, however, and for other reasons also, it is 
better not to depend too much on them as a source of energy, 
but to include for this purpose in the diet plenty of the cheaper 
starchy foods, such as bread and certain vegetables. 

Water is present in every part of the human body. You have 
already found that it occurs in practically all kinds of food. It 
does not change during the process of digestion like most of the 
other nutrients, but is useful in carrying the other five kinds of 
nutrients through the body. Plenty of water in the diet aids in 
the digestion of food and in the excretion of waste products. 
It is no longer considered unwise to drink water with meals, 
provided we do not use it to wash down our food. It is well to 
drink at least six glasses of water a day, one the first thing in the 
morning. 

Mineral matter. Only recently have dietitians learned 
about the great importance of the "ash” or mineral matter of 
food. By-study of page 223 you have learned the names of the 
elements which are found in the " ash " in food. Some of these 
mineral elements are found in all kinds of food except oils and 
pure fats, starch, and sugar. The actual quantities are usually 
very small. 

Three of the most important mineral elements are phos¬ 
phorus, calcium, and iron. Their proportions in some common 
foods are shown in figure 102 on pages 234-35. 

Phosphorus enters into the composition of every cell. It is 
especially useful in helping to form the bone9. Some of the 
best foods to supply phosphorus are milk, eggs, grains, legumes, 
meat, fish, fruit, and green vegetables. 

Calcium is an important building material for the bones and 
teeth. We are sure to get enough calcium if we drink plenty of 
milk, and eat fruits, and vegetables. 

Iron is necessary in the making of the red corpuscles found in 
the blood. Nuclei of all living cells also contain this element 
The red cells of the blood contain it, as do the nuclei of all 
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living cells. (See page 69.) All cell development depends 
upon it. Some of the best sources are shellfish, egg yolk, green 
vegetables, fruits, legumes, and whole grains, such as whole 
wheat. 

The most important mineral elements, besides phosphorus, 
calcium, and iron, are sulphur, magnesium, potassium, sodium, 
iodine, and chlorine. We get these important mineral elements 
mostly from milk, fruits, and fresh vegetables. 

Vitamins. Until recent years it has been thought that there' 
are no other nutrients in foods in addition to those previously 
described in this project. Now, however, it is known that 
many foods contain very small quantities of certain substances, 
which are known as vitamins. Although occurring in minute 
quantities and although their exact composition is unknown, we 
do know that they are absolutely essential for proper growth 
and development. Some diseases are due to a diet which lacks 
one or more of these important constituents. Scurvy, for 
example, was common a century and a half ago among sailors 
who were obliged to live for weeks or months without fresh 
vegetables and fruits and who were therefore deprived of im¬ 
portant vitamins which those foods contain. Captain Cook, 
the celebrated English navigator, between 1768 and 1779 made 
three voyages of exploration, each lasting about three years. 
He had very few cases of scurvy because of the diet he devised 
for his crews. He was the first to fight the disease successfully. 
Beri-beri, a very serious disease, has been common in China 
■ among persons living largely on fish and polished rice. The 
victims of the disease improved In health when they ate whole 
rice, which it was discovered has the vitamin content that is 
lost in the polishing process. 

However, very few, if any of us, are in danger of developing 
scurvy or beri-beri. What it is especially desirable for us to 
realize is the necessity of choosing a diet containing the neces¬ 
sary vitamins, if we are to grow as strong and robust as pos¬ 
sible. 

So far, five distinct vitamins have been found, Our present 
information as to their value may be summarized as follows. 
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The table on page 236 shows the vitamin content of various 
foods. These estimates are based on experimental tests made 
by scientists on animals and human beings. The subject of 
vitamin research is still under active investigation. Un¬ 
doubtedly further qualities will be attributed to those that 
we know, and other vitamins may be discovered. 

Vitamin A. Called “anti-ophthalmic" (so called because of its 
connection with curing an eye disease). Vitamin A loses its power 
gradually on exposure to air and high heat. It withstands ordinary 
cooking temperature with little loss. 

Results of kick of Vitamin A: Conjunctivitis or inflammation of the 
eyelids, a disease which leads to blindness if neglected; stunted growth; 
low resistance to infection of eyes, ears, sinus, lungs. It affects re¬ 
production and probably affects length of life. 

Vitamin B. Called "anti-neuritic" (so called because its discovery 
was connected with the cure of a nerve disease). Vitamin B is not 
affected by ordinary cooking or drying. But the addition of soda 
during cooking rapidly destroys it. It dissolves readily in water, and 
hence is lost if cooking water is discarded. 

Results of lack of Vitamin I): Loss of appetite; indigestion; stunted 
growth; nervousness; beri-beri; constipation; it affects reproduction. 

Vitamin C. • Called “anti-scorbutic” (first known cure for scurvy). 
Vitamin C is very easily destroyed by cooking, drying, and canning 
except in the presence of adds. 

Results of lack of Vitamin C: Scurvy, sore mouth and stiff joints; 
teeth defects; reduced state of health; fleeting pains; irritability; lack 
of stamina; retarded growth. 

Vitamin D. Called “anti-rachitic” (so called because it protects 
from the disease, rickets). Vitamin D is not readily affected by heat, 
etc. A similar factor can be produced in foods by irradiating them 
with ultra-violet light. Human beings can get the same effect by 
tanning or by sun baths. 

Results ofhek of Vitamin D: Rickets; soft bones; poor teeth; bony 
deformities; impaired lungs. 

Vitamin E. Confers fertility (tested on rats). Is found in greatest 
abundance in the oil of wheat germ, in seeds and green leaves generally, 
in beef liver, and egg yolk. In animal tissues there is very little and 
the amount in milk varies widely. It is changed or affected very 
little by heat. 

Vitamin G. Prevents pellagra, a disease which affects the skin. The 
best sources are yeast, liver, kidneys, and lean meat. 
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C. POOD CHAETS 

Problem 10: To compare (he nutrient value of different foods . 

(Home.) 

Directions: Study the charts issued by the United States Department 
of Agriculture on Composition of Food Materials. (See pages 229- 

33.) 

( - What does the shading mean? 

What nutrients may be present in a food as shown by these charts? 
M al»» a list of a number of foods which contain a large percentage of 
protein, in each case stating the percentage. 

Make other lists of foods which contain large percentages each of fat, 
carbohydrates, ash, or mineral matter, and water, stating the percentages 
in each case. 

Summary: 1 

1. Which food in your lists contains the largest percentage of protein? 
Which contains the largest percentage of fat? of carbohydrate? of 
ash? of water? 

2. In general, do animal or vegetable foods furnish more protein? 
more fat? more carbohydrate? more ash? more water? 

Problem 11: To compare the fuel value of different foods. (Home.) 

Directions: Study the charts on pages 229-33 t0 hnd the fuel value of 
the foods shown. Make a list of the foods in the order of their fuel value 
per pound. 

Summary: In general, what type of food furnishes the largest number 
of Calories per pound? 

Problem 12: Who t foods are most valuable for their mineral con¬ 
tent? (Home.) 

directions; Study the charts on pages 229-33 to find the amount of 
mineral matter different foods contain. Make a list of foods in their 
order in this respect. 

Using the table on pages 234-35 as a basis, make three lists, showing 
bow the foods rank in respect to their phosphorus, calcium, and iron 
content. 

Questions: 

1. Which of the foods eaten during the past week has furnished you 
the largest proportion of phosphorus? 

2. Which has furnished the largest proportion of calcium? 

3- Which has furnished the largest proportion of iron? 

4. Is your usual diet rich in the valuable mineral elements? 
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Food tested 

A 

2 

c 

D 


+ 

4- 



Apples.. 

+ 

+ 

+ + 



+ 

4* 

+ 4- 


fteanfij kidney. 

+ 

+++ 



+ + 
+ 



Beets. 

+ 

+ 


Butter.. 

+ + + 


+ 


4- 

++ 

4-4-4- 


Carrots, cooked or raw,.. 

+++ 

++ 

+ 

+ + 
+ 

+ 



4 .4- 


4- 

Cnd-ljver oil. 

+ + + 
++ + 
+ + 
+ + + 


+ 4-4- 


4- + 

4- 


4 - 

+ 


Rev volk. 

4-4- 

+ 

• Fish roe.... 


4-4- 



Grapefruit.. 


+ + 

+ + 
4- + 
4- 4- 
+ 4* 



Green-leaved vegetables.. 

Kidneys..... 

I ,emon juice. 

++ 
+ + 
+ 

4-4-4- 
+ + 4- 

+ 

Lettuce. 

+ 

++ + 
++ + 
+ + + 
+++ 
+ + + 
+ 


Liver.... 


Milk, condensed. 



Milk, dried.. 




Milk, evaporated. 




Milk, whole.. 



+ + 


+ 

+ + 
+ + 

+ + + 

+ + 
+ + 

+ + 
+ + + 


4- 


Parsnips...... 

+ 

+ + 
++ 
+ + 
+ + 
+ 
+ 


Peaches, raw or canned... 
Peas, fresh... 

+ + 
4-4- 

+ + 
4- + 

+ 

Pineapples, raw or canned 
Potatoes, sweet. 


Potatoes, white... 


Prunes.... 


Raspberries. 



+ + + 

H—1—h 
+ + + 


Spinach, fresh or canned. 
Tomatoes. . 

+ + + 
+ + 

+ + + 
4-4-4" 
+ + + 
4 - + 


Whole,-grain cereals. 

Yeast products. 







Fig- no. Foods estimated to be the best source of vitamins 


+ + + Indicates excellent or 'beaL source oi vitamin. 

4 + Indicates vitamin present In larger than average amounts. 

4 Indicates vitamin Is present. 

(Estimates are based on experimental tests made by scientists on animals and human 
being a The subject of vitamin research is still under active Investigation. Undoubtedly 
farther qualities will be attributed to them.] 
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Problem 13: What foods are most valuable for their vitamin eon *- 
tent? (Home.) 

Directions: Study the table on page 236 . 

List the foods which furnish the most of Vitamin A; of Vitamin B| 
of Vitamin C; of Vitamin D; of Vitamin E; of Vitamin G. 

Is there any food which furnish all of these vitamins? 

Which of these foods have you eaten during the past week? 

Question: Is your usual diet rich in vitamins? 

Directions for using the charts on pages 229-36 are found 
in problems 10, u, 12, and 13. 

The first five charts (figures 104-08) show by means of dia¬ 
grams, or “graphs,” the composition of some common foods. 
The key at the foot of each chart explains the meaning of each 
symbol. Whole milk, for example, including the cream, is 
shown to contain 87 per cent water, 3.3 per cent protein, 5 per 
cent carbohydrates, 4 per cent fat, and 0.7 per cent ash or 
mineral matter. 

The fuel value of whole milk appears as 310 Calories per 
pound, while the fuel value of skim milk is only 165 Calories per 
pound. Can you account for this difference by studying the 
percentage composition? 

Find the answers to these questions by studying the food 
charts: 

Which part of an egg has more energy value? 

Pound for pound, which furnishes more protein, beefsteak or 
dried beef? 

Why has beefsteak more fuel value than dried beef? 

Why may macaroni be used as a substitute for potatoes? 

Figure 109 is a graph of another sort. Here the shaded blocks 
represent the proportion of protein and of the important 
mineral elements in common foods. Before drawing any con¬ 
clusions from this graph, observe that while “Grams per 100 
Calories” is the unit of measure throughout, under the heading 
Protein each column represents five grams, whereas under 
Phosphorus and Calcium, each column represents one tenth of a 
gram, and under Iron, only three thousandths of a gram. 

How do string beans compare with spinach in protein con- 
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tent? Which of these contains more phosphorus in a ioo- 
Calorie portion? more calcium? more iron? 

The vitamins, which we know are abundant in many foods, 
cannot be shown in a graph. Their presence and relative 
amounts are indicated in figure no. 

REVIEW OUTLINE 

A. The sources and uses of foods 

X. Sources of our food 

2 . How we use food 

а. To help growth 

б . To regulate health 

c. To furnish energy 

(i) The energy-value of food measured in Calories 

d. To store fuel for future use 

B. Food constituents 

1. The carbohydrates 

2. Fats 

3 . Proteins 

4 . Water ' 

5 . Mineral matter 

6 . Vitamins 


INDIVIDUAL PROJECTS 

Working projects: 

1 . Test foods for water by weighing. 

Many kinds of food may be used for the following experiment 

' A potato is a good one to start with. 

Carefully weigh the potato. Record the weight. Cut it up 
fine. Set the potato thus prepared on a radiator or other warm 
place for two or three days. Weigh again. What proportion ol 
its original weight has been lost by the evaporation of water? 

2 . Cook for the family some of the foods which you have learned in 
this project to be necessary for good health. 

3 . Collect a library for the school on the subject of food. 

Many valuable books and pamphlets may be obtained free by 
writing for them, See the lists at the end of the four chapters relat¬ 
ing to foods. 

4. Collect exhibits on food. 

Several exhibits may be obtained free for schools. Some of'the 
addresses are as follows: 

Postum Cereal Company, Battle Creek, Michigan. 

Quaker Oats Company, Cedar Rapids, Iowa. 

American Rice and Cereal Company, Kansas City, Missouri. 
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Shredded Wheat Company, Niagara Falls, New York. 

Corn Products Exhibits, The American Manufacturers' Associa¬ 
tion of Products from Com, 308 South Lasalle Street, Chicago. 
Wheat Flour Exhibit, Washbura-Crosby Co,, Minneapolis, 
Minn. 

Milk and Non-Milk Users, National Dairy Council, 910 South 
Michigan Avenue, Chicago. 


Reports: 

1, The sources,of sugar and the art of extracting and refining it. 

2, The work o£ fish hatcheries. 

3. How the United States Government can help us select our food. 

Send to the Bureau of Publications, Department of Agriculture, 
Washington, D.C., for helpful bulletins on food composition and 
selection. Then study them and report to the class what seem to 
you the most helpful suggestions. 

4. Foods from Many Lands. See Food Products from Afar. E.H.S. 
and H. S. Bailey. Century. 

BOOKS THAT WILL HELP YOU 

Everyday Foods. Harris and Lacey, Houghton. 

Foods; or, How tie World is Fed. F. G. Carpenter. American. 

Foods and Their Uses. F. G, Carpenter. Scribner. , 

Foods and Home Making. C, C. Greer, Allyn, ! _ 

Hewer Knowledge of Nutrition, E. V, McCollum. Macmillan. 

Resources and Industries of the United States. E, F. Fisher. Ginn. 
Farmers' Bulletins, United States Department of Agriculture: 

142, Nutritive Value of Food. —1383, Food Values and Body Needs, — 
808, How to Select Food. — 817, How to Select Cereal Foods, — 824, How 
to Select Protein Foods. — 1359, Milk and its Uses in the Home. — 1195, 
Rice as Food. — 568, Sugar-Beet Growing. —577, Sugar-Beet Growing un¬ 
der Irrigation, 

Health Education Bulletins, United States Bureau of Education (single 
copies, 5 cents): 

11, Milk and our School Children, •— 2, Diet for the School Child. —15, A 
Frogram for Health Teaching in the High School. 



X 

FOODS AND THE HUMAN BODY 

Intr oduction. In your study of food thus far, you have learned 
important facts about how to treat it in the home, that it may 
be attractive and palatable, as well as safe to eat. You have 
also learned how dependent we are on food for growth, energy, 
and health. In this chapter you will learn something about 
how to plan your own diet, based on your own needs. You will 
learn, too, some of the facts regarding what becomes of the food 
you eat; where it enters the blood in your body, and how it 
helps to build and repair the tissues, and to furnish energy. 


THE PROBLEMS 

A, On the selection of foods. 

x. To determine the relative cost of some common 
foods, 

2. To measure 100-Calorie portions of food. 

3. To prepare an exhibit of ioo-Calorie portions of 

food. 

4. To plan a day's meals for a child whose activity 

and size require 3000 Calories. 

5. To score my food habits, 

B, On the digestion and absorption of food. 

6. To note the action of saliva on starch. 

7. To find out the general condition of my own teeth. 

8. What are the parts and work of the digestive sys¬ 

tem? 

C, On the circulation of the blood. 

9. What is the effect of exercise upon the rate of the 

heartbeat? 

10. What are the parts and work of the circulatory 

system? 
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A. THE SELECTION OF FOODS 

Problem 1: To determine the relative cost of some common foods. 

{Home.) 

Directions: By consulting your mother or the butcher and grocer figure 
out the approximate cost per pound of some of the foods used in your 
home. 

Mention 'some foods that give much nourishment as compared with 
their cost. (See the charts in Project IX.) 

Mention some that give a fair amount of nourishment in comparison 
with their cost. 

Mention some which yield only a small amount of nourishment aa 
compared with their cost. 

Summary: 

X. Does the cost of food necessarily indicate the amount of nourish¬ 
ment it contains? 

2. What have you noticed about the cost of foods rich in protein? 

Questions: Can you think of any other things that should be considered 
in selecting foods aside from the amount of nourishment and cost? If 
so, what? 


Problem 2: To measure joo-Calorie portions of food. {Home.) 

{Note: An amount of food which when burned would give 1 Cal¬ 
orie of heat is so small that it can hardly be measured. For conven¬ 
ience, then, food is usually measured in 100 -Calorie portions.) 

Directions: Study the table given below and measure as many foods as 
convenient in the right amounts to furnish 100 Calories. 


ONE-HUNDRED-CALORIE PORTIONS 


Meats: 

Bacon, 4 small slices 
Roast beef, I large slice 

Fish: 

Bluefish, 1 large piece 
Halibut, 1 large piece 

Vegetables: 

Beans, string, 2% cupB 
Beets, 4 large 
Carrots, 4 small 
Com, 1 medium ear 
Onions, 3 or 4 


Chicken, broiled, 1 large slice 
Lamb chop, 1 small 


Oysters, raw, 8 medium 
Sardines, 5 


Peas, cup 
Potatoes, 1 medium 
Spinach, 3 cups 
Tomatoes (canned), itf, cups 
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Fruits: 

Apples, 1 
Bananas, 1 
Cantaloupe, I 
Dates, 4J4 
Figs, i }4 

Dairy products: 

Butter, 1 tbsp. 

Buttermilk, i>i cup 
Cheese, American, lpi in. cube 
Cheese, Cottage, 5# tbsp. 

Desserts: 

Cake, sponge, small piece 
Custard, milk, 1 small cup 
Ice cream, 1 tbsp. 

Smets: 

Sweet chocolate, 

1 piece, 2)i X 1 XJ-i in. 

Breads and cereals: 

Bread, 1 thick slice 
Com flakes, lpi cups 
French roll, 1 
Graham crackers, 3 

Nuts: 

AlmondB, 12 _ 

Peanuts, 22 single 

P' 

Problem 3: To prepare an exhibit of 100 -Calorie portions of food. 
(Class.) 

Directions: Select such foods as can easily be secured and will not 
quickly spoil. Let as many as possible of the foods listed in the table 
be carefully measured at home and brought to school. 

Arrange the exhibit neatly, placing the measured portions either on 
squares of paper or in small dishes. 

After study of the food-charts on pages 229-36, arrange your exhibit 
in the classroom to show the following groups: 

Foods containing a large proportion of protein. 

Foods containing a large proportion of energy value. 

Foods containing a large proportion of valuable minerals. 

Foods containing a large proportion of vitamins. 

Problem 4: To plan a day’s meals for a child whose activity and 
size require 3000 Calories. (Home.) 

Directions: From the table of ioo-calorie portions (page 241) select a 
day's diet furnishing 3000 Calories of energy value. ’ Bear in rriind 


Oranges, 1 large 
Pears, 1 large 
Prunes, 4 _ 

Strawberries, 1 y£ cups 


Cream (heavy), tbsp. 
Egg, iM 
Milk, H cup 


Pie, I small slice 
Rice pudding, cup 


Honey, 1 tbsp. 

Sugar, 2 tbsp. 

Oatmeal, 1 large dish 
Rice, 3 tbsp. 

Shredded wheat, 1 biscuit 


Pecans, 12 
Walnuts, 12 
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what you have learned about proteins, minerals, and vitamins, and be 
sure to select a well-balanced diet. 

If necessary, divide the ioo-Calorie portions so that a reasonable 
amount of each food is furnished. 

Arrange the day's diet in three meals. 

Be prepared to demonstrate your menu in the classroom, using foods 
procured for the exhibit. (Problem 3.) 

Questions: 

x. Have you included a quart of milk to drink or to be used in cook¬ 
ing? Why? . 

2. Have you included another vegetable besides potato? Why? 

3. Have you included some kind of fruit? Why? 

Problem 5 : To score my jood habits. (Home.) 

Directions: Note your, diet and health habits each day for ten days. 
Keep your record on a copy of the following plan. Score I point for each 


Health Chores 

Day 

I 

2 

3 

4 

5 

6 

7 

B 

9 

10 

1. I drank at least six glasses of 
water, one upon arising in the 
morning. 

2. I drank no tea or coffee, 

3. I drank at least a quart of milk 
(or had it in cocoa or soups). 

4. I brushed my teeth night and 
morning. 

5. I took time to eat all my meals 
slowly. 

6. I was cheerful during my meals. 

7. I ate at least one kind of fruit. 

8. I ate at least two kinds of vege¬ 
tables. 

9. I ate some dark bread or a 
whole grain cereal. 

10. I exercised out of doors at least 
one hour. 




I 








Summary: What is your percentage score? 


The cost of food. One of the factors that most people have 
to consider in selecting their foods is cost. In recent years the 
cost of foods has greatly increased. The cost of food does not 
necessarily determine its nutritive value. For a given cost, soma 
foods yield many times the amount of nourishment that others 
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give. Although this is true, it is also true that protein foods, 
which are very essential for reasons already given, are often 
more expensive than other kinds of foods. Therefore, it is true 
that if we are to meet the needs of the body, we must purchase 
some foods that are generally considered expensive. Can you 
mention some foods of this kind? Although at times we would 
doubtless want to make exceptions to the following rules, yet 
generally speaking it would be well to adhere to them: (i) to 
spend little, if any, more for meat and fish than is spent for 
milk; (2) to spend approximately as much for fruit and vege¬ 
tables as is spent for meat, fish, and eggs; (3) to remember that 
as a rule the cheaper cuts of meat contain as much food value 
as the more expensive cuts. 

Quality and cleanliness. Food is so vital to us that we should 
take every care to insure excellent quality and cleanliness. 
Our local, State, and national governments have divisions 
which help secure purity and cleanliness and proper handling 
of foods. By insisting on pure, clean foods you encourage 
people who produce, distribute, and sell foods to improve qual¬ 
ity in every way, and at the same time you tend to force out of 
business the dishonest and careless producers or sellers. Our 
national pure food laws require that food containers have 
plainly printed on them the names of any preservatives that 
are used. If artificial coloring or flavoring is used, that fact 
must be made known by placard or label. Meats are inspected 
and labeled by government officials. In some States customers 
are forbidden to handle fruits or vegetables on sale. Visit the 
cleanest store you can find, and note what precautions are being 
taken for your benefit. Is the milk kept in bottles in a refriger¬ 
ator? Are the meats covered and cold? Are fruits and vege¬ 
tables protected from handling by customers? Are all foods 
protected from flies and dust? Make a list of all the methods 
used to insure cleanliness and purity, and bring to class for 
discussion. 

Individual peculiarities in eating. People’s tastes differ not 
only in preferring different kinds of foods but also in respect to 
the effects produced when various foods are eaten. For 
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example, there are persons who have found by experience that 
strawberries or shellfish may almost be classed as poison for 
them. This may be due to the fact that digestive juices in dif¬ 
ferent persons vary somewhat or it may be due to other causes 
which are more difficult to understand. At any rate, it is highly 
desirable for each one, knowing his own peculiarities regarding 
foods, to act accordingly. Reference is not here made to whims 
in eating which it is desirable to overcome. 

Why we need variety in out food. Among the factors de¬ 
termining the amount and kind of food to be eaten are a person’s 
age, size, sex, occupation, and the climate in which he lives, 

(x) Age. A child, as compared with an adult, needs a larger 
proportionate amount of food containing building material be¬ 
cause provision must be made for growth in addition to the 
need of furnishing food for repair of tissues. An active child 
also needs a larger proportionate amount of energy-giving foods 
than an adult living an inactive life. For active children the 
approximate daily needs in Calories at different ages are as fol¬ 
lows: a boy or girl five years old, 1500; a child nine years old, 
2000; eleven years old, 2500; at thirteen years a boy needs 3000 
Calories and a girl often needs more. Older girls seldom need 
more than 3500 Calories, but an active boy sixteen or seventeen 
years old may require as much as 4500 Calories, which is often 
more than his father needs. 

(2) Size. Although in general the food needs vary directly as 
the size of the person concerned, this is not always the case. 
Thus, for persons who are overweight, it is usually desirable to 
restrict the diet; whereas for those who are underweight, it is 
often well to increase the amount of food and sometimes the 
frequency of eating. To determine in just what manner the 
diet should be changed in such cases it is wise to consult a 
physician who specializes in this subject. 

(3) Sex and occupation. A man of average size (156 pounds) 
needs about 2500 Calories a day if he has a sitting occupation;. 
3000 Calories a day for a standing occupation; and from 3500 
Calories a day (farmer) to 6000 (lumberjack) if he uses his back 
nmsqles severely. The average weight of women is so much 
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less than that of men that their requirement is much less for the 
same occupation. An average woman (124 pounds) needs 
about 2000 Calories for a sitting occupation; 2400 Calories for a 
standing occupation; and from 2800 to 4800 Calories if she uses 
her back muscles severely. 

(4) Climate. Most of us need a little more food in the winter 
than in the summer. In cold weather, unless we are very 
warmly dressed, we usually need to take more exercise to keep 
warm. Shivering and the tightening of the muscles from cold, 
as well as exercise, are forms of muscular activity. With in¬ 
creased muscular activity our food requirements are greater. A 
person who has trouble in keeping up to proper weight, should 
be careful to dress warmly. 

Planning your own meals. The facts already given make it 
evident that it is impossible to formulate rigid rules regarding 
diet. There will almost always be individual differences that 
should be given consideration. Although this is true, it must 
' also be evident that there are certain general principles of uni¬ 
versal application. Among these principles there are two that 
apply to active boys and girls between the ages of twelve and 
fourteen: (1) their energy needs will usually "be met by eating 
enough food to yield between 3000 and 3500 Calories a day; 
and (2) their protein requirements per day do not usually ex¬ 
ceed what is contained in one quart of milk and a serving of 
eggs, meat, or fish, together with a liberal amount of cereal 
food. In general, overeating should be avoided. The main¬ 
tenance of proper weight is one of the best guides. 

A mixed diet desirable. A well-planned diet should include 
every day something from each of the groups shown in figures 
111-115, A summary of some of the important tilings to re¬ 
member about each of these food groups follows: 

(x) Vegetables and fruits are useful in supplying mineral sub¬ 
stances and bulk in the diet. Most of them are valuable as 
sources of one or more vitamins; especially is this true of the 
green leaf vegetables and of oranges, lemons, and tomatoes. 
Foods in this group are, with few exceptions, lacking in high 
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proportions of protein and therefore need to be supplemented 
by such foods as those described in the next paragraph. 



Fig. 111. A week’s supply of vegetables and fruits 
For a family of two adults and three children. The total (52 pounds 
fresh and canned, with 3 pounds dried; or 70 pounds fresh weight) provides 
one fifth the needed fuel. This proportion of vegetables and fruits may be 
raised or lowered by half. Always use some leaf vegetables. Which of 
these vegetables and fruits are most valuable for their vitamin content? 



Fig. ns. A week’s supply of milk, meat, and similar foods 
For a family of two adults and three children. The total (meat, etc., 
14 pounds; milk, 14 quarts) provides about one fourth the needed fuel. 
For adults, this proportion may be raised or lowered by half but for a 
family with three children the milk shown is a minimum allowance. 

(2) Foods containing a large amount of protein. Meat and 
other flesh foods, such as fish, milk, eggs, cheese, seeds such as 
cereals, nuts, peas, and beans are among the most important 
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foods in this group. Milk cannot be satisfactorily replaced by 
any other food in the diet of growing children. Some of these 
foods are rich in mineral substances; for example, meat and egg 
yolks contain iron; milk has calcium and peanuts contain 
phosphorus. Vitamins A and B are found in many of these. 



Fig. 113. A week’s supply of cereal foods 
For a family of two adults and three children. The total (bread, 10 
pounds and dry cereals, 5 pounds) provides about 200 Hundred-Calorie 
portions or one fourth the needed fuel. This proportion may be raised or 
lowered by half. Use whole grain products if vegetables and fruits are 
scarce. 


(3) Bread and other cereal foods. Cereals are the mainstay of 
the diet of peoples all over the world. There are several reasons 
fof this. They can be grown almost everywhere. They are easy 
tp keep in good condition, can readily be transported, and ar? 
usually inexpensive. They contain liberal amounts of protein 
and energy-supplying material, and yet the kind of protein 
they contain needs to be supplemented by the kind of foods 
mentioned in the preceding paragraph. When made from the 
whole grains, cereal foods are useful in supplying some mineral 
matter and vitamins. They all yield about the same amount of 
fuel value, approximately 1600 Calories to the pound. 

Since cereals are usually the cheapest food, poor people all 
over the world depend upon them more than on others, 
Unless, however, they are supplemented with other foods, 
they do not produce the best of health. 
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Fig. 1x4. A week’s supply of sugar and other sweets 
For a family of two adults and three children. The total (sugar and 
candy, 3 pounds; honey, syrup, molasses, and jelly, each one half pound) 
equals 4 pounds of sugar and provides about one tenth the needed fuel 
Sweets may be omitted or their proportion raised by half. 

(4) Sugar and sugary foods are useful as fuel for the body and 
to add flavor to foods. Sugar is an important part of the diet, 
but it should not be used to excess or at such times as to taln» 
away the appetite for other foods. 



1 Fig. 115. A week’s supply of fat and fat foods 
For a family of two adults and three children. The total (butter, 
z pounds; other fats, 1 pound; bacon, I pound; nuts, 1 pound; cream 
r pmt), 4 pounds of pure fat, provides about one fifth the needed fuel, 
this proportion may be raised or towered by half. The less milk used, 
the more butter needed. ’ 


(S) Fais and fat foods as a class have a higher fuel value thaii 
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any other group, the proportion being approximately two 
" to one as compared with proteins 
*■ and carbohydrates. Fats, also, add 

V 1 flavor and richness to the diet, but 

. --s~. ^ being concentrated foods may quite 

|" easily be used in excess of the 

\ J amounts needed or desirable. The 

i , 1 reason that butter and cream are 

j ; ■' ' j more important than other fats in 

i<\ \ j jy the case of children is because they 

___jJ are rich in vitamin A. Some fatty 

Fig. n6. Two puppies from fooda aIso contain P rotein and min- 
the same litter eral substances, for example, choc- 
Four months old when this olate and nuts. 

Milk. In planning the diet the 
milk, the smaller one on bread importance of milk must never be 

_ forgotten — a quart a day for each 

m of the children and a pint apiece for 
the adults is not too much. 

The minimum allowance is indi- 
cated on page 247. A striking proof 
" ill y '< " va ^ ue milk in the diet may 

ri-i be seen in figures 116 and 117. 

J Tea, coffee, and other food ad j 
t- juncts. In recent years more than 
■ iV ■; 1 one billion pounds of coffee and 

1 \ approximately one hundred million 

1 \ pounds of tea have been consumed 

1 ’ v - annually in the Uiiited States. Many 
_ people have become so accustomed 

Fig.117. The some puppies to h * ving these beverages that it 
several months later would mean a great hardship ( to 
The little fellow waa given have to give them up. The pleasing 

with h t £ he m ri k ult e a hown d drink ' effects which the Y Produce are due 
principally to the drug caffein which 
exerts a stimulating or quickening effect upon the heart and 
nervous system. Such a drug is called a stimulant, Tea and 


and puppy biscuit. 

raSHHHl -yu,. 
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coffee contain no nourishment aside from the sugar and milt- 
that are usually added. Growing children should not drink 
tea or coffee. 

Spices, pepper, catsup, and other condiments contain very 
little, if any, nourishment. They are used principally to stimu¬ 
late the appetite and should be indulged in sparingly. 


(See 


B. THE DIGESTION AND ABSORPTION OF FOOD 

Problem 6: To note the action of saliva on siarch . {Class.) 

{Note: This experiment shows only one of the digestive processes 
which go on in the body.) 

Directions: Collect some saliva in a test-tube. Boil a little starch in 
another test-tube. 

Test the starch with iodine, (See problem 4 on page 220.) 

Test the starch to see whether it contains any grape sugar, 
problem 5 on page 220.) 

Test the saliva to see whether it contains 
any grape sugar. 

Mix a little saliva with some starch that 
has cooled, and test for grape sugar. 

Summary: How do you explain the presence 
of grape sugar in the mixture of two sub¬ 
stances neither of which originally contained 
it? 

Question: What change takes place when 
saliva acts on starch? 

Problem 7: To find out the general condi¬ 
tion of my own teeth. {Home.) 

Directions: Examine as many of your teeth 
as possible with a mirror. Fig. u8. The arrange- 

How many incisors have you? See figure ment of our teeth 
n 8. At left and right of each 

How many canines 1 premolars') molars ? jaw, three molars, teeth 
Make a chart of your own teeth, using withithreeor more points. 
r , , • CL cif Next two premolars, grmd- 

figure 118 as a basis. Show fillings, crowns, era with t ' 0 points . e Next 

cavities, and spaces where teeth are missing, on each side is one caninef 

Conclusion: Do any of your teeth need the 

attention of a dentist so far as you can ob- b r0 ad cutting teeth. 

serve? 
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Problem 8: What are the parts and work of the digestive systeml 
(Home problem to be done in connection with study of 
pages 252 - 54 -) 

Directions: Copy the drawing of the human alimentary canal or food 
tube (figure 119). 

Label the following parts: mouth, gullet or oesophagus, stomach, 
small intestines, targe intestines, and rectum. 

Indicate by labels in the drawing in what part of the alimentary 
canal the following juices are found: saliva, gastric juice, bile, and 
panrrpatic juice. Can you also show in your drawing whether these 
juices are made in the walls of the alimentary canal or whether they are 
made outside and have to be brought to the food tulie and poured in? 
What kind or kinds of nutrients are digested by each of these juices? 


The food tube. After food is swallowed, it passes along a 



Tig. 119. Parts of the 
food tube 


pipe, called the esophagus, or gullet, 
which carries it into the stomach. 1 
This organ is really an enlarged 
part of the esophagus. The food 
usually stays in the stomach for two 
or three hours before it is passed on. 
The walls of the stomach contain 
muscles which gently churn the 
food. They also manufacture a juice 
called gastric juice which helps to 
make the food liquid. When it is 
in a proper condition, the food is 
made to pass out of the stomach, 
which raises itself a little at this 
time and by means of its muscles 
forces the food out. Upon leaving 
the stomach it continues to go 
through a tube, called the intestines, 
which gently forces the food along 
by means of muscles similar to those 
in. the walls of the stomach; The 
intestines in a human being are 
about twenty feet long. While the 
lood is in the intestines, most of 
its nourishment is absorbed and 
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enters the blood vessels that are located in the walls of -the 
intestines, In this way, by means of the blood stream, nour¬ 
ishing material is carried all over the body, and the hungry 
cells, most of which are far away from the intestines, are fed. 

Digestion and its use. Before food can enter the blood, it 
must be much simplified chemically. The process known as 
digestion occurs as the food passes through different parts of 
the food tube. It is accomplished by means of juices or secre¬ 
tions which act upon it. Milk is a liquid and yet it cannot 
pass into the blood as milk. If it could, we should expect to 
find milk in the blood after swallowing a glass of this nutritious 
food. We know that a baby's principal food is milk, but we 
also know that a baby's blood is not milk. Certain very re¬ 
markable changes must take place in the milk' before it can 
enter the blood and be used to help build the cells of the baby’s- 
body. Some of these changes are effected by digestion. 

Digestion in the mouth. If you have performed the experi¬ 
ment with saliva at the beginning of this chapter, you have 
learnpd that there is something in this secretion that is able to 
change starch to grape sugar. The usefulness of this change is 
to be found in the fact that grape sugar is able to pass through 
the stomach and intestinal walls and enter the blood, something 
which starch is unable to do. The changing of starch into 
grape sugar is brought about by a 'substance in x the saliva, 
called ptyalin. Ptyalin is one of a large group of substances, 
called enzymes, which bring about chemical changes in living 
beings. 

Stomach and intestinal digestion. Not only starch but fats 
and proteins and the other carbohydrates must be changed 
before they can enter the blood. These changes are brought 
about by enzymes which are found in the stomach and intes¬ 
tines. The secretion in the stomach, called gastric juice, has an 
enzyme, pepsin, which can begin the digestion of protein. The 
most important secretion in the intestines, pancreatic juice , 
contains several enzymes which make it possible for this fluid 
to change all the different nutrients so that they can enter the 
blood. 
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Any undigested food passes through the small intestine into 
the large intestine and is eliminated from the body, It is im¬ 
portant to have plenty of "roughage," such as cellulose, in the 
diet, in order that elimination may be complete, and con¬ 
stipation prevented. 

Indigestion, Stomach-aches and sometimes headaches are 
commonly caused by (i) eating' too rapidly; (2) eating too 
much; (3) eating when tired; (4) exercising immediately after 
eating; (5) becoming excited during or immediately after a 
hearty meal; (6) neglecting constipation. For a remedy it is 
a common thing to take headache powders or indigestion tab¬ 
lets, although such substances do not usually remove the cause 
of the trouble. Most of these remedies contain powerful drugs 
which are capable of seriously injuring the heart. They often 
cause a feeling of relief because the heart is made to beat more 
slowly and consequently there is a lower blood pressure in the 
head. The effect of the powder is apt to wear off rather soon, 
and the person is often no better off than if he had not taken 
the dose. It is usually less harmful to undergo a little suffering 
than to run the risk of injuring such an important organ as the 
heart. The wisest thing, of course, is so to act as not to bring 
on headaches or stomach-aches. 

Any one who suffers from headaches should find out the 
cause of the trouble, and if possible remove it. If the cause 
is a blocking of the intestines, it can usually be avoided by 
careful eating, sufficient exercise, and drinking plenty of water. 
If the cause cannot be found, it is advisable to consult a doctor. 
Sometimes headaches are caused by eye-strain or other trouble 
of which one may not be aware. 

Teeth and their care. The teeth may be considered as a 
part of the digestive apparatus, since the chewing of foods is a 
very important step in preparing them to become part of the 
' blood. The teeth break the food into smaller particles with 
the result that there is a larger surface upon which the digestive 
secretions can act. Therefore, every tooth is of great value 
and should receive the best of care. The manner in which 
teeth decay can be understood only when we know about their 
structure, 
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Structure of the teeth. If you will study figure 120, you 
will see that on the outside of a tooth there is a layer of material 
called enamel. This is the hardest substance 
in the body. Under the enamel there is a 
softer substance, called dentine, which is a 
kind of bony material. Toward the center 
of the tooth there is a cavity which contains 
blood vessels and nerves. From this cavity 
very small tubes or channels, which contain 
blood vessels and nerves, run into each root. 

These tubes are called root canals. Each 
tooth fits into a little cavity in the jaw¬ 
bone and is held in place by means of a ^ture'of^^oth'^ 
kind of cement. 

The formation of strong, healthy teeth depends upon the 
right kind of food. Food rich in calcium is especially im¬ 
portant in forming the enamel. What foods might help to 
make healthy teeth? 

Cavities in teeth. Until recently it was believed that cavities 
in teeth were caused by the action of bacteria, acting on particles 
of food lodged on or between the teeth. Careful experiments, 
carried on for a considerable period, have led many authorities 
to believe that while bacterial action undoubtedly hastens 
decay, the principal cause for imperfect teeth is an improper 
diet. 1 If the diet is well balanced among carbohydrates, pro¬ 
teins, fats, mineral salts, vitamins, and roughage, strong, per¬ 
fect teeth are usually formed in childhood, and should last 
throughout life. The most important foods to include are 
plenty of milk, fruit, and green vegetables. Orange juice 
should be fed to babies, beginning when they are about three 
months old. As soon as children are old enough, they may eat 
the pulp also. In fact, all of the orange except the outer por¬ 
tion of the skin is valuable food. The partitions in the orange, 
for example, are composed of cellulose, which acts as roughage, 
that is, as a. sort of scrubbing brush to keep clean the organs by 



'Demonstrated, by the research work of Dr. Percy R. Howe at the Forsyth Dental Infir¬ 
mary, Boston. 



256 Foods and How We Use Them 

which food materials are absorbed in the intestines. When 
these organs are in clean, good condition, the gums usually 
show the same condition, and the teeth are healthier. 

It is well to have the dentist examine the teeth at least twice 
a year to see whether any small cavities are forming. If this 
precaution be taken, several desirable results are likely to fol¬ 
low: (1) Toothache may usually be avoided. (2) The dentist 
will not have to cause as much pain. It is much easier and less 
painful to fill a small cavity than a large one, when sometimes 
the nerve has to be killed. (3) The dentist’s bill will not be so 
large. (4) Even more important is the fact that keeping the 
teeth in fine condition will contribute to better health, since 
decaying teeth harbor bacteria, some of which may cause colds, 
sore throats, or stomach and intestinal troubles. 

How to care for the teeth. Besides going to the dentist 
regularly you should brush the teeth vigorously with a fairly 
stiff brush at least twice a day, just before going to bed and 
the first thing upon arising in the morning. The best motion 
is a rotary one for this avoids the danger of making the gums 
grow away from the teeth. Brush your upper teeth down¬ 
wards, and your lower teeth upwards. After brushing the 
teeth, dental floss should be used to remove from between the 
teeth afly particles which have escaped the brush. The teeth 
should not be usd to bite very hard things, and if dental paste 
is used, it should be free from gritty material which might 
scratch the enamel. 

C. THE CIRCULATION' OF THE BLOOD 

Problem 9: What is the effect of exercise upon the rate 0} the 
heartbeat? (Pupils.) 

Directions: By lightly placing one or two fingers upon the inside of the 
wrist find the pulse. (Do not use the thumb to try to find the pulse be¬ 
cause there is a pulse there which may interfere with the experiment.) 
Count the number of pulsations that occur in a minute when sitting 
quietly. (Note — Every pulsation follows a heartbeat.) 

Take some exercise,.such as a setting-up drill for two or three minutes. 
Immediately after this find the pulse and count the number of heart¬ 
beats in a minute. 
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Questions: 

1. What was the effect of exercise upon the rate of the heartbeat? 

2. Compare this result with the effect of exercise upon the rate of 
breathing. {See page 63.) 

3. Can you see any reason why the cells of the body need more food 
and oxygen, and need to get rid of their wastes more rapidly during 
and after exercise than when the body is resting? Has this fact 
anything to do with the results you obtained in this observation? 
Explain. 

Problem 10: What are the parts and work of the circulatory sys tem? 

(.Some problem to be done in connection with the study 
of pages 257-59.) 

Directions: Study figure 123, facing page 262. Answer the following 
questions: 

1. Into how many compartments is the heart divided? 

2. Is there any passageway from the right side of the heart to the left 
side? 

3. Where does the blood come from which enters the upper right side 
of the heart? In what kind of blood vessels is it carried? 

4. Where does the blood go after leaving the lower right side of the 
heart? Why are the arrows and blood vessels carrying it repre¬ 
sented as blue? 

5. What happens to the blood in the lungs? 

6. Where does the blood come from which enters the upper left side of 
the heart? What color are the arrows and blood vessels, as repre¬ 
sented in the figure? Why? 

7. Where does the blood go after leaving the lower left side of the 
heart? In what kind of blood vessels is it carried? 

8. What exchanges of materials take place between the blood and the 
body cells? (See figure 121,) 

Drawing ( Optional ): Represent by a careful drawing the circulation of 
blood in the body. 

William Harvey’s discoveries. The first demonstration, of 
the circulation of the blood was made in 1616 by the English 
physician, William Harvey (1578-1657). He had entered the 
University of Cambridge as a boy of 14 and completed his edu¬ 
cation at the University of Padua, Italy, then considered the 
best medical school in the world, when he was 24. Among his 
fellow students were pupils of the great scientist, Galileo, 

One of Harvey’s teachers had shown him that there were 
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valves in the veins, and Harvey's experiments with animals 
led to his own great discovery. He says: "Even in wasps, 
hornets, and flies I have, with the aid of a magnifying glass and 
at the upper part of what is called the tail, seen the pulsations 
of the heart and shown it to many others." 

Previous to Harvey’s time the manner in which the blood 
circulates in the human body had been entirely misunderstood. 
His discovery revolutionized the theories regarding practically 
all bodily functions, and it stands as one of the great landmarks 
in the study and practice of medicine. 

Harvey had views in advance of his times in regard to con¬ 
tagious diseases. Also he studied the structure development 
and the functions of cells more carefully than any one had done 
previously; and while he was learning what went on inside a 
hen’s egg he day by day opened unhatched eggs that were in 
various stages of development. Harvey is an example of a 
man who took infinite pains in his experiments. His work con¬ 
tributed enormously to scientific knowledge. 

The circulatory system. The blood is forced through tubes 
to all parts of the.body by the beating of the heart. Not 
only is the blood forced to all parts, but it is collected and 
brought back to the heart, ready to circulate again. The 
blood moves in tubes which are connected with the heart. 
There are valves in tire heart which keep the blood flow¬ 
ing always in one direction. Thus, the blood which enters 
the upper right side of the heart has come from all parts 
of the body except the lungs. It flows into the lower right 
side through the valves and from there it is sent to the 
lungs, where, as we have already learned,’ it receives a fresh 
supply of oxygen and gives up most of its carbon dioxide. 
The blood coming back from the lungs enters the upper left 
side of the heart, flows through valves into the lower left side, 
and is forced out to all parts of the body except the lungs. 
Then it returns to the upper right side of the heart. This is 
the place which it left, perhaps less than a minute previously. 
Thus the blood circulates and carries nourishment and oxygen 
to all the cells and takes away from them their carbon dioxide 
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and other wastes. Trace the course of the blood by following 
the arrows in the diagram facing page 262. 

Kinds of blood vessels. The tubes which carry the blood 
away from the heart are called arteries ; those carrying the blood 
back to the heart are called veins; while the tiny tubes which 
connect the arteries with the veins are called capillaries. It is 
while the blood is passing through the capillaries that nourish¬ 
ment and oxygen are taken out of it, and certain wastes are 
given up to it. Such exchanges can take place only in the 
capillaries because the walls of the other blood vessels are too 
thick to permit this absorption to occur. 

Lymph. The exchange of materials between the capillaries 
and the body cells takes place through the lymph. This is a 
colorless fluid, blood 
minus its red corpus¬ 
cles, which bathes all 
the tissues of the 
body. 

Treatment of cuts. 

It is advisable to learn 
a few principles of 
first-aid in case of in¬ 
jury to blood vessels. 

In scratches and in 
cuts which are merely 
upon the surface bac¬ 
teria may find lodg¬ 
ment. In such cases, 
however, it is usually 
unnecessary to do more 
than carefully clean 
the wound with pure water and put a sterilized bandage 
around it until it stops bleeding. Such wounds will usually 
heal quickly, especially if the person is in good physical con¬ 
dition. The loss of blood is insignificant. 

Deeper wounds, where the blood comes out in spurts, require 
more careful handling. In such cases it mav be necessary to 



Fig. 131. Exchanges of materials be¬ 
tween the blood and the body cells 
What materials are shown leaving the 
capillaries to pass through the lymph into 
the body cells? 
ing the blood? 


What substances are enter- 
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place a tourniquet (pronounced “turn-i-ket”) a device foi 
stopping bleeding, in the right position, to stop the flow of 
blood. The tourniquet is usually placed be¬ 
tween the cut and the heart. Why? In acci- 
dentsof this kind a doctorshould be summoned 
as soon as possible, but before the physician 
arrives the patient should be kept quiet and 
every effort made to stop the loss of blood. 
This can sometimes be done without the use 
of the tourniquet by fastening a bandage over 
the wound and allowing the blood to clot. 
By the clotting of the blood is meant the ten¬ 
dency that the blood shows, when exposed to 
the air, to form a fibrous, jelly-like mass. If 
this can be formed over the wound, the bleed¬ 
ing will cease. Care should be taken not to 
disturb the clot, if one is formed. 

The effects of alcohol and tobacco. Alcoholic 
beverages never did any one any good. They 
may give a person temporary satisfaction, but 
any one who uses them is liable sooner or later 
to become a slave to a harmful practice. 
i 8 It is important for every one to understand 

placed oyer the ar- the effects of alcohol on the system, for then 
tery between the 

cut and the heart, they will avoid using it. Professor Stiles, 
and pressed firmly j n his book on Nutritional Physiology considers 
knotted handker- alcohol under five heads: as a relish, a food, 
chief * a drug, a narcotic, and as a poison. 

As a relish, alcohol in the stomach increases the local blood- 
flow, thereby promoting absorption, but the effect is favorable 
only when the alcohol is in very small quantity. A larger 
quantity produces nausea, with its consequent ill effects. 

As a food, it has been proved that alcohol may be oxidized 
and thus may release energy. Its food value is small, except in 
the case of the aged. In cases of illness its use, if a physician 
prescribes it, may be valuable, since it may be absorbed when 
mast foods would remain undigested. In cases of healthy 



Fig. 122. A 
tourniquet 
The stone 
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people, however, it is found that the oxidation of the alcohol 
prevents the oxidation of carbohydrates and fats, which are 
therefore stored in the body cells, with the result that the 
drinker becomes fat and is apt to suffer from resultant diseases. 

As a drug, alcohol shows its most striking effect on the 
circulatory system. After alcoholic beverages are drunk, the 
blood vessels carrying blood to the skin are enlarged. A 
flushed condition results and a feeling of warmth is produced 
because the nerves which carry a sensation of warmth to the 
brain are located in the skin. As a matter of fact, alcohol 
instead of warming the body results in lowering its temperature. 
The blood is cooled when it comes near the surface. That is 
the reason that men who have to sleep out in the open in cold 
weather ought especially to avoid the use of alcoholic bever¬ 
ages. There are instances on record of men, not understanding 
this effect of alcohol, having been frozen to death because they 
had a drink to keep them warm, while others in the same party 
who abstained did not suffer greatly from the cold. Arctic 
explorers do not allow any alcoholic beverages to be taken on 
their expeditions. 

As a narcotic, alcohol exerts a powerful effect upon the 
nervous system. A narcotic is the opposite of a stimulant. It 
tends to deaden or paralyze body tissues. Alcohol is com¬ 
monly considered a stimulant, but its final effects are now 
known to be those of a narcotic. A real stimulant should help 
a person in application and perseverance. It is clearly recog¬ 
nized that alcohol, even in small quantities, leads to a lack of 
concentration and a dulling of perception. 

As a poison , the danger in alcohol is very real. Its use pre¬ 
disposes a man to diseases of the heart, liver, and kidneys. It 
is apt to shorten life. Worst of all, no one who begins to use 
alcohol can be sure that he will continue within the bounds he 
means to keep, for alcohol is above all else a habit-former. 

Tobacco, although not so injurious as alcohol, also weakens 
the bodily resistance to disease. Experiments upon animals 
have indicated that it hardens the arteries. There is reason 
for believing that it also exerts a similar effect upon the human 
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body. It is liable to affect the heart injuriously, producing 
what is railed a “tobacco heart." Are college students who 
are in training for athletic contests allowed to smoke? 


REVIEW OUTLINE 

A, Tbe selection of foods 

1. What must be considered 

a. Cost of the food 

b. Quality and cleanliness of the food 

c. Individual peculiarities of persons 

d. Age of persons 

e. Size 

/. Sex and occupation 
g. Climate 

2. How to plan your own meals 

а. A mixed diet desirable 

б. The importance of milk 

(1) Advantages over tea, coffee, etc, 

B. The digestion and absokption of food 

1. The food tube and its parts 

2. How digestive juices act on food 

3. Digestive processes 

a. Ia the mouth 

b. In the stomach 

c. In the intestines 

4. Indigestion 

5. Teeth and their care 

o. Structure of teeth 

6. Cavities in teeth 
c. How to care for the teeth 

C. The cibculation of the blood 

1. The, circulatory system. 

a. Harvey’s discovery 

b. Kinds of blood vessels 

c. Lymph 

2. Treatment of cuts 

3. The effects of alcohol and tobacco 



Fie. 123. The way the blood circulates in the body 

tv.* Mnnrf vessels shown in red carry blood which is supplied with oxygen; 
*2*55 Z&S Wood which has given up its oxygen and . laden 

with carbon dioxide. 
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INDIVIDUAL PROJECTS 

Working projects and reports: 

1. Report upon one or more interviews upon diet with: 

(a) A college boy who has gone into training for some athletic 
contest; if possible an athlete who has won his letter. 

(b) A physical-training teacher. 

. (c) A nurse or a physician. 

2. Make a poster which will convey to the community some health 
message on nutrition and get permission to post it in your school or 
in the nearest library. 

3. Make a poster showing by pictures cut from seed catalogues and 
magazines a well-balancca diet for a day. 

4. Plan a week’s diet for yourself. 

5. Plan a day’s diet for your family, after consulting the Calories 
needed by each member, as shown by the paragraphs on pages 245 
and 246. 

6. Estimate the number of Calories actually furnished by the food 
you eat for a day; for a week. 

7. Cook for the family some dish in which milk is used. 

8. Write to the Metropolitan Life Insurance Company, New York, 
for their pamphlet, All about Milk ; study it, and report to the class. 

9. Obtain and examine the heart of a sheep or cow. Compare with 
the human heart, 

BOOKS THAT WILL HELP YOU 

The Body at Work. Frances G. Jewett. Ginn. 

Dietetics for High Schools. Willard and Gillett. Macmillan. 

Foods and Health. Kinne and Cooley. Macmillan. 

New Handbook of Health. Woods Hutchinson, Houghton 

A Primer of Sanitation. John W. Ritchie. World. 

Principles of Human Nutrition. W. H. Jordan. Macmillan. 

Tom and City. Frances G. Jewett, (Effects of Alcohol.) Ginn. 

Bulletins and pamphlets: _ . 

Health Education Series. Bureau of Education, Washington. A set of 
Health Education Bulletins may be purchased from the Government 
Printing Office for 50 centB. 

Food for the Family, and 

Food Primer for the Home, Gillett. The Association for Improving 
Condition of Poor, 103 East Twenty-Second Street, New York. 

Good Proportions in the Diet, Farmers' Bulletin No. 1313. United 
States Department of Agriculture. 



XI 

PLANTS-FOOD-MAKERS FOR THE WORLD 

The importance of agriculture. One of the oldest industries is 
agriculture. Prehistoric man in Europe cultivated and ate 
wheat. Several thousand years before Christ the inhabitants 
of the valleys of the Tigris, Euphrates, and the Nile irrigated 
and tilled the soil, and raised crops of wheat, barley, flax, and 
vegetables. From those times down, to the present, improve¬ 
ments in method have constantly been made, although in some 
parts of the world, as in Asia Minor and China, the same crude 
methods are employed as were in use thousands of years ago, 



Fig. 124. Growing food-plants in a school garden 


Among the improved methods are rotation of crops, enriching 
the soil, and the development of improved varieties of plants 
such as the Burbank potato and the seedless orange. Few 
people having the opportunity do not have some interest in 
planting. Looking out of a railrpad train as you approach a 
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city one frequently sees many back-yard gardens. Even in 
congested tenement districts you will see carefully tended 
plants in boxes on window ledges. 

Every one ought to know how plants make food, and what 
conditions are favorable to their growth and development; and 
after the beginning made in this chapter, you will, we hope, 
discover many further facts. The Department of Agriculture 
at Washington, and the state agricultural schools and experi¬ 
ment stations, will help you, particularly if you belong to any 
of the numerous boys' or girls’ clubs that are studying the cul¬ 
tivation of the soil. 


THE PROBLEMS 

A. On the food-making activities of plants. 

1. What are the uses of each part of a plant? 

2. Where is starch made in a plant? 

3. How does the leaf get water for starch-making? 

4. How are the roots fitted to take in water from the 

soil? 

5. To make an artificial root-hair. ' 

6. How are the leaves fitted to get carbon dioxide for 

starch-making? 

7. What is the waste-product in starch-making? 

B. On how to grow plants. 

8. To obtain a library of garden information. 

9. To plan my home garden. 

10. To make and use a seed tester. 


A. THE FOOD-MAKING ACTIVITIES OF PLANTS 
Problem 1: What are the uses of each part of a plant? (Class.) 

Directions: Pull up a weed while in flower. Wash off the soil and place 
the roots in a glass of water colored with red ink. Locate the organs of 
the plant — the roots, the stem, the leaves, the flower. 

Uses of roots. 

Dig up two similar plants. Place the roots of one plant in water, and 
the roots of.the other in an "empty” glass. Which withers first? 
Why? What use of roots have you shown? 
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Carefully dig away the soil from the roots of a plant, exposing the 
roots. How are they arranged? When all the soil is removed, what 
happens to the plant? What use of roots have you shown? 

Let certain members of the class test roots such as carrot, parsnip, 
etc., for nutrients. (See problems 4 - 9 on P a 8c s 220-22.) What use of 
roots is thus shown? 

Uses of stems. 

Find a "stemless” plant like dandelion, mullein, plantain, etc. Con¬ 
trast the arrangement of leaves on this plant with the weed you are 
studying. Contrast with such plants as ivy, woodbine, or pole beans. 
What use of the stem have you discovered? 

Cut across the stem of your weed, which has been in colored water, 
about an inch above the level of the water. Does this show you another 
use of stems? 

Let certain members of the class test stems such as potato, onion, and 
asparagus for nutrients. What use of stems is thus shown? 

Uses of leaves. 

Make an apparatus as shown in figure 67, on page 140, using two 
glasses, a punched card, and a leaf. The stem of the leaf must be in 
water. Set the apparatus in the sun. What appears on the sides of the 
glass? What use of leaves is thus shown? 

Examine a thin piece of the skin of a leaf with the compound micro¬ 
scope. (See page 75.) Find the breathing pores in the skin. What use 
of leaves does the presence of these pores suggest? 

Let certain members of the class test leaves, such as cabbage, lettuce, 
spinach, etc., for nutrients. What do the results indicate? 

Use of flowers. 

Are any of the flowers on your weed going to seed? 

Do all plants that have seeds have (lowers? Do (lowers vary much 
in size? Do the largest flowers have the largest seeds? 

What are seeds for? What is the use of the flower? 

See pages 577 and 580 for the parts of a (lower. 

Summary: Sum up what you have learned about the uses of each 
organ of a plant. 

Problem 2: Where is starch made in a plant? (Class.) 

Directions: Cut two'thin disks from a cork stopper, and fasten them 
upon a leaf of a growing geranium plant. (See figure 125.) Place the 
geranium in bright sunlight and leave for about twenty minutes. 
Then pick off the leaf and remove the cork. 

Is the appearance of the leaf changed? 

To find out if it contains starch we must bleach the leaf, since the 
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green color hides any color change. To do this, boil the leaf in water 
one minute, then plunge it into alcohol and shake. What hap pens 
to the alcohol? To the leaf? 

When the leaf is bleached as 
much as possible, rinse with 
clear water, and dip into iodine. 

Is starch present? If so, 
where? 

Bleach and test a striped 
green and white leaf which has 
been in bright sunlight twenty 1 
minutes. Is starch present? If 
so, where? 

Conclusions: 

1. Does starch appear where 
there is no green color? 

2. Does starch appear where 
the sunlight cannot reach the 
leaf? 

Questions: 

1. What do you infer as to 
where starch is made in a plant? 

2. Can mushrooms make 
starch? Explain. 

Problem 3: How does the leaf 
get water for starch-mak¬ 
ing? {Home.) 

Directions: Place a stalk of cel¬ 
ery in a glass of water colored 

with red ink. Observe from time to time. What happens? 

Cut across the stalk. Can you see the bundles of water-pipes or 
ducts ? 

Examine the structure of the leaves. Through what does the water 
pass? 

Summary: Trace the pathway which water follows from roots to leaves. 



Kg. 125. Finding out if starch is 
made in leaves 


Problem 4: How are roots fitted to take in water from the soil? 
■ {Home.) 

Directions: Cut a circle of colored blotting-paper to fit a small round 
dish, such as a butter plate. Moisten it thoroughly. Place a few 
radish seeds on the moist paper. Cover with a gla§8 and set aside, 
Observe from day to day, , 
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What is the first thing to sprout from the seed? 

How soon do the roots show any fuzzy white root-hairs ? 

On what part of the roots do the root-hairs appear? 

Do root-hairs increase or decrease the absorbing surface of roots? 

Problem g: To make an artificial root-hair. (Class.) 

(Note: Root-hairs are so small that it is difficult to see how they 
work. We can make an artificial root-hair large 
. enough to see by using an egg and some glass 

tubing.) 

Directions: With sealing wax fasten a piece of glass 
tubing about six inches long to the small end of a 
fresh egg. Be sure that the sealing wax allows no 
chance for a leak. When it is cool carefully punch 
a hole in the eggshell by pushing a hat pin or knit¬ 
ting-needle through the tube. Now very carefully 
chip off some of the eggshell at the other end of the 
egg, taking care not to break the inner membrane. 
With a short piece of rubber tubing fasten a long 
piece of glass tubing to the piece already attached to 
the egg. Set the egg in water, and support the 
tubing firmly. 

The apparatus represents a root-hair, which is 
really one plant cell. What represents the cell wall? 
The cell sap inside the cell? The soil water outside 
the cell? 

Watch the tube for some time. Set the apparatus 
away for several days, and observe each day. What 
happens? 

Summary: Explain how this experiment helps you 
to understand the work of root-hairs. 

Question: How many ways can you suggest in which 
this artificial root hair differs from a real root-hair? 

Problem 6: How are leaves fitted to get carbon 
dioxide for starch-making? (Review.) 

Fig. 126. An ar- Directions: 

tiflcial root-hair Parti: Does the air contain carbon dioxide? (See 
problem 3, page 45.) 

Part 2: How can the air get into a leaf? (See problem 11, page 71.) 

Summary: Where does a leaf get carbon dioxide? Explain how air can 
get in and out through the epidermis of a leaf. 
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Problem 7: What is the waste product in starch-making? (Class.) 

Directions: Place a green water plant, such as elodea or some pond 
scum, in a glass containing water. 

Cover the plant with an inverted glass funnel, and invert a test-tube 
of water over the stem. (See figure 127.) 

Place the apparatus in a sunny window. 

What can you see rising from the green 
plant? 

After several hours in the sunlight, a gas 
will collect in the test-tube. 

Carefully remove the test-tube, holding 
your thumb over the opening, and insert 
a glowing taper. What happens? 

What does the gas seem to be? (See 
problem I on page 43-) 

Conclusion: What waste product is given off 
by.green leaves in sunlight? 

Where do plants get their food? 

Did you ever wonder where the leaves, 
flowers, and seeds of plants came from? 

If the material of which cornstalks and 
ears of com are composed came from 
the ground, would not the level of the 
field be gradually lowered? Perhaps you have had to fill bags 
with grass cuttings from the lawn, carry them to the back yard, 
or scatter them around the trees and shrubs. Though you may 
have carried hundreds of bagfuls the level of the lawn is not 
visibly changed. Where did the grass come from? You have 
had to water the lawn. Did the grass come from the water? 
The water must have contributed something, for the newly cut 
grass is moist. When grass is burned, ashes are left. If you 
rub your hands in them, your hands become sooty. What ie 
soot? Is it something like charcoal or lampblack? These are 
forms of carbon. The amount of ashes resulting from burned 
grass is very small compared with the original amount of grass. 
Therefore, would it not seem likely that grass is made from a 
small amount of mineral matter (the ashes), much water, and 
carbon? As will be explained later, the carbon comes from the 
carbon dioxide of the air. 



Fig. 127. What is the gas 
in the test-tube? 
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The nutrients which the plants can absorb directly from the 
soil are water and some of the mineral salts: Soil water is very 
different from rain water because it has dissolved in it some of 
the mineral matter from the soil itself. If you should grow 
two plants, one in rain water and the other in soil water, you 
would find that the plant grown in soil water would live much 
longer than the other. Very simple plants, like bacteria and 
molds, which consist of only one cell, or a few cells, absorb the 
soil water directly through the cell wall into the cell itself. The 
higher plants are more complicated, and have special parts for 
absorbing the soil water. These parts are the roots. 

The organs of a plant. In order to kribw how plants are 
fitted to take certain nutrients from the soil 
and make others within their own bodies, 
we must know something of their structure. 
Plants vary in structure all the way from 
bacteria, which are composed of only one 
cell, to huge trees, which are composed of 
countless millions of cells. 

Let us consider a typical food-making 
plant, the corn. It is easy to see that there 
are distinct parts or organs in the plant. 
It has roots, a stem, and leaves, which may 
be called the organs of growth. It also has 
flowers, the stamens being in the tassel and 
the pistils in the ear. The flowers contain 
what are called the organs of reproduction, because they have 
in them parts whose work is to produce seeds. 

To understand the food-making in plants we must know the 
work of each of the organs of growth. Let us briefly sum up 
the work of each organ, 

Roots (x) hold the plant firmly in the ground; (2) absorb soil 
water; (3) carry soil water to the stem; and (4) sometimes store 
up food for the plant to use later. 

Stems (1) hold the leaves up to reach the sunlight; (2) carry 
the soil water, with its mineral matter, up to the leaves; 
(3) carry sap back to the roots; and (4) sometimes store up food. 



Fig. 128. The or¬ 
gans of a plant 
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Leaves (1) contain the breathing pores, or stomata , through 
which the ordinary processes of breathing and transpiration 
take place; (2) evaporate the excess water after it has given up 
its mineral matter; (3) sometimes store up food; and (4) most 
important of all, make carbohydrates, fats, proteins, and vita¬ 
mins. 

Root-hairs. If you grow some seedlings so that you can 
watch the roots develop (see problem 4), you find that the little 
roots seem to be covered with a fine white fuzz. If you 
examine the fuzz with a microscope, you can see that each little 
bit of fuzz is a tiny projection from the side of the root. The 
glrin or epidermis of the root is made of cells, some of which 
have a tiny extension like a finger. Each little root-hair, then, 
is not even the whole of one cell, but a part of an epidermis cell. 
The cell wall is so thin that the soil water can pass through it. 
The surface of the root is greatly increased by being covered 
with root-hairs, so the roots can absorb much more soil water 
than would be possible without the hairy covering. 

How a root-hair absorbs soil water. The root-haira are so 
small that it is hard to see how they work. It is quite easy, 
however, to make an artificial root-hair big enough to see. 
Figure 126 shows one made of an egg with a long tube attached 
to it. When such an apparatus is put in water, the water 
passes through the thin membrane into the inside of the egg, 
and pushes some of the egg-white up the tube. It seems 
strange that water should flow upward in this way, for we 
always think it natural for water to flow downwards. In our 
study of capillary action we have already found one force strong 
enough to cause water to creep upwards. (See page 182.) 
Here is another force strong enough to have the same effect 
upon water; it is called osmosis. Osmosis occurs where there 
is a passage of a fluid through a membrane, as was observed in 
the experiment with the egg. (Problem 5.) 

The flow will tend to continue until the density of the liquid 
on one side of the membrane equals that of the liquid on the 
other side. In the egg experiment, dissolved salts flow out of 
the egg at the same time that water is flowing into it. Wafer 
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tends to flow into the egg until the egg material is diluted to 
the same extent as that of the material outside in the glass. 

An understanding of this egg experiment (see page 268) 
helps us to comprehend how real root-hairs work. Each little 
root-hair is like a tiny bag, lined with a layer of living proto¬ 
plasm. In the center there is a liquid, called cell sap. When 
osmosis occurs, fluids pass through the cell wall and the proto¬ 
plasmic lining; Water and certain dissolved salts are thus 
taken in by the root-hair. 

Bow water passes through the plant. It is not enough for 
water to get into the root-hairs; it must go all over the living 
part of the plant and distribute its mineral matter even as far 
away as the leaves, This it does by passing from cell to cell 
in the root until a short distance under the surface of the root 
it is collected in very tiny tubes. These tubes constitute the 
lower end of a system of passageways, the upper ends of 
which are the veins of the leaves. In other words, the tubes 
which carry water and dissolved mineral matter start at the 
roots, are continued in the stems, and finally end in the 
leaves. 

Two phenomena partially explain the passage of water from 
roots to leaves. The first is osmotic or root pressure. By this 
is meant the force or pressure which is exerted in the root-hairs 
which constantly take in material from the surrounding soil. 
There is only one way in which this material can go. It is 
forced upward, and passes from cell to cell until it reaches the 
tubes in the roots. The second phenomenon is called capil¬ 
larity, by which is meant the tendency of liquids like water to 
rise ip very fine tubes. 

Where foods are manufactured. We have now traced the 
soil water, with its valuable mineral nutrient, up to the leaves. 
Plant cells which contain green coloring matter are the only 
places where a plant actually makes its food. Yet we eat the 
leaves of very few plants in comparison with certain other parts 
of the plant such as the seeds, roots, stems, and buds, After 
the food has been made in the leaves of a plant it is carried 
away through tubes in the leaves and stems to other places, 
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where it is stored. Roots, stems, and seeds are the plants* 
usual storehouses, where they keep a supply of food for their 
own use. 

The raw materials needed. The leaves are the plants’ fac¬ 
tories where the food is made. Four finished products are 
turned out here, the four organic nutrients. Let us consider 
starch as a typical food product. Chemists have studied 
starch and find that it can be written in chemists’ shorthand 
CjHjoOs. This means that it is made up in the proportion of 
six atoms (see page 452) of the element carbon, ten atoms of 
the element hydrogen, and five atoms of the element oxygen. 
In what forms does the leaf get these three necessary elements? 

One substance which reaches the leaves is water. Chemists 
write water FLO, showing that it contains two atoms of the ele¬ 
ment hydrogen and one atom of the element oxygen. The only 
other element needed by the plant is carbon. We know that 
one of the gases in the air contains carbon, namely carbon 
dioxide, C 0 2 . Is the leaf able to get this carbon dioxide? 

We have learned that leaves contain the breathing pores for 
the plant (see pages 74 and 75); so we know that air can enter 
the leaves. The gas in the air which the leaves need for theii 
breathing is oxygen, just as is the case with human breathing 
(see page 76). The element which they need for making starch 
is carbon, and this they are able to obtain from the carbon 
dioxide in the air. It enters the leaf through the same pores 
that the oxygen enters, but it is used for an entirely different 
purpose. Be sure that you do not confuse these two processes, 
Oxygen enters through the pores of the leaf into all the plant 
cells and causes oxidation to go on. Carbon dioxide enters 
through the pores of the leaf into the cells which contain green 
coloring matter and is used to help make food. The leaf thus 
gets all its necessary elements for starch-making from water in 
the soil and from carbon dioxide in the air. 

Starch is made only in green plants. We have now men¬ 
tioned the raw materials that are needed, but what about the 
machinery by means of which this process occurs? Starch¬ 
making does not occur in leaves which contain no gr§m color- 
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ing matter. If you examine figure 129 you will see that leaves, 
like other living things, consist of cells. When these cells are 
examined under the microscope it is found 
that most of them contain little green bodies 
called chloroplasts or chlorophyl bodies. 
In the Greek language, from which many 
scientific words are derived, chloro means 
green and phyl means leaf. So th6 word 
means leaf-green. These chloroplasts are 
little living particles of matter which have 
'the power, under certain conditions, of 
manufacturing starch. Ju9t exactly how 
they accomplish this nobody knows, but 
the fact that it is done can be demon¬ 
strated by an experiment; and the fact that 
it is not done when these green bodies are 
absent can. also be proved by an experiment. 
(See problem 2, page 267.) 

The sun furnishes the necessary energy. 
Pig. 129. A cell from. The chloroplasts are like machinery in that 
a green leaf they nfied power to make them work. It 
P, a mass of living, has been found that they can work only in 
N, a part that is easily the presence of light. The sun furnishes 
importanTpart^i re" P ower with which these green bodies 
production; C, chlo- manufacture starch. Since all food-making 
roplasts, tiny green ; s dependent upon this process going on in 
the protoplasm. The the green cells, the absolutely essential part 
cell is surrounded by which the sunshine plays is evident. The 
name of the process of food manufacture, 
photosynthesis (meaning “putting together by light”) shows 
that it is dependent upon the action of sunlight. 

The waste product is oxygen. Most factories have some 
waste product. In a starch factory in the leaf the waste 
product is oxygen. When it uses the carbon from the gas, 
carbon dioxide, it separates it from the oxygen which is also 
present in the compound and sets free the oxygen as an un¬ 
necessary, or waste product. The oxygen is able to pass o«< 
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of the pores in the leaf to the air. Starch-making by plants is 
useful, then, for two reasons. It supplies the world with food, 
and it supplies the air with some of its oxygen, without which 
no life can exist. 


©E=— 



Fig. 130. The carbon cycle 

We eat the starch in plants and change it into a 
sugar. When we exercise, it combines with the oxygen 
in the blood forming carbon dioxide and liberating 
heat. Plants take up the carbon dioxide and con¬ 
vert it back to starch and oxygen by utilizing the 
sun's energy. Read pages 73-77 and 272-75. 

Leaves make all the organic nutrients. 

We have learned how starch is made. Fats 
and sugars consist of the same three ele¬ 
ments: carbon, hydrogen, and oxygen. They are made from 
the same raw materials. Food chemists are practically sure 
that the vitamins also are made only by plants. 

Protein, however, contains other elements in addition to 
these three, especially nitrogen and sulphur. These elements 
are all present in the mineral matter in fertile soil, and pass into 
the root-hairs of plants and up to the food factory in the leaves. 
The process by which they are made into protein is a very 
complicated one. 


B. HOW TO GROW PLANTS 

Problem 8: To obtain a library of garden information. ( Pupils , 
optional.) 

Directions: The Federal Government and some of the State Govern- 
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ments publish bulletins and circulars which can be of great assistance to 
you. Many of them are free, or can be secured for a few cents a copy. 
Send for bulletins; then when you receive them, read them, and use the 
information. 



Fig. 131, A vegetable garden plan 
Showing currants to divide garden from yard. Asparagus and 
rhubarb are permanent growers, shown planted on one side of 
walk where these beds will not be disturbed. The hotbed and 
compost pile are permanent features of a successful garden. This 
plan provides z feet for a walk and two decorative flower borders, 
each i^ feet wide. ( Courtesy , Joseph Brick and Sons.) 
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When, writing for bulletins published by the National Government, 
send to your Congressman, or to the Chief of the Divisions of Publica¬ 
tions, United States Department of Agriculture, Washington, D.C. 

Seed-growers and dealers in agricultural machinery often publish 
pamphlets of great value which you may be able to obtain. 

Summary: Make,a list of the books and pamphlets in your garden 
library. 

Problem 9: To plan my home garden. (Home.) 

Directions: With a yardstick or tape measure carefully measure the plot, 
which you are to use. 

Drive a stake in each corner. 

Make a plan on paper, using a Beale. For example, let one-half inch 
represent one foot. Be sure that the shape of your garden is correctly 
drawn. Mark the north with the letter "N." 

After a study of the circulars, or consultation with older people who 
can give practical advice, decide just what vegetables you will raise. 
Do not try too many kinds. 

Plan the arrangement of the rows. Early crops may be planted be¬ 
tween the rows of late crops. Be sure that the rows are the correct dis¬ 
tance apart. 

Show on your plan the location of the rows. Make two copies of the 
plan, one to take to the garden with you, and one to preserve for your 
notebook. 

Problem 10: To make and use a seed tester. (Class and home.) , 

Directions: Use two dinner plates. Cut two pieces of cotton flannel or 
other thick cloth to cover the bottoms of the plates. 

Boil the cloths live minutes. What effect does the boiling have on 
any bacteria or mold spores that may be on the cloth? 

Wring out the cloths; spread one on a plate; and put one hundred 
small seeds of the same kind upon it. Cover these with the other cloth, 
Place the second plate over the one containing the seeds, with the rims 
together. Set the tester in a warm place. 

Look each day to see if the seeds germinate or sprout. Remove with 
a forceps those that germinate- When all have germinated that will,, 
subtract the number that failed to germinate from one hundred. 
Summary: 

1. What per cent of the seeds tested germinated? 

2. What is the use of testing seed before purchasing? before planting? 

Home gardens. Even though you have only a city back 
yard, you will find that with proper attention plants will grow, 
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and ■will there do their part. Gather information from your 
State and Federal Departments of Agriculture, and talk to 
people who have had experience in gardening. Remember 
that you must give the plants the necessary mineral matter, 
sometimes in the form of fertilizers; that you must cultivate 
often to keep the water from escaping from the soil and to keep 
the weeds down; and that the sun must have a chance to shin? 
on the leaves, where the food factories are located. 

The need of fertilizers. Land which has once been used for 
raising crops is not as fertile as it was at first, unless special 
steps are taken to keep it so. This is reasonable when we 
consider that plants are continually drawing certain essential 
substances from the soil. The commonest method of making 
good this loss of material from the soil is to add a “fertilizer." 
The most valuable fertilizers contain nitrates, and furnish the 
nitrogen necessary for the making of protein. Other important 
fertilizers contain potash and calcium. 

Enriching the soil by means of manure, an animal waste, is 
perhaps the most extensively used method of fertilizing it. In 
the manure there are substances which, upon undergoing cer¬ 
tain chemical changes, become nitrates and in this form are 
used by plants. It is interesting to note that these changes are 
brought about principally by the action of certain bacteria. 
These, like so many other kinds of bacteria, are of great use to 
man. 

Nitrogen-fixing bacteria. Dig up a clover plant, taking with 
it most of the soil around the roots. Shake off this soil. Try to 
find swellings or nodules on the roots. The nodules which are 
usually found on some of the roots are filled with "nitrogen- 
fixing bacteria." The nitrogen-fixing bacteria alone of all 
living things are able to make use of the nitrogen that is present 
in the air. They are so named because they fix or tie up this 
nitrogen with certain other elements to form nitrates which are 
then used by the plants in which they live. These bacteria 
are known to live only on the roots of a certain group of plants 
called the legumes, of which peas, beans, clover, and alfalfa are 
the most common examples, 
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For hundreds of years it has been noticed that the soil may 
be enriched by growing legumes alternately with other crops. 
It was known that for some reason a patch of ground where, 
for example, beans had been growing, would be more fertile 
than similar plots without beans. Even the ancient Romans 
used to "rotate their crops," as this alternation of crops is 
called. In other words, they would not grow the same kind of 
crops upon the same field year after year, but would alternate 
their crops in the manner j ust indicated. Of course, they knew 
nothing about the reason why rotating the crops benefited the 
soil. They knew nothing about 
the nitrogen-fixing bacteria, be¬ 
cause at that time there were 
no microscopes. Now, however, 
it is possible to see these organ¬ 
isms, and also to test just how 
much nitrogen is taken out of 
the air when these bacteria are 
present in a field. Many scien¬ 
tific experiments of this kind 
have been performed. We now 
know that the nitrogen-fixing 
bacteria of the legumes and 
clovers give to the soil a certain 
amount of usable nitrogen that 
a short time before was in the air in a form which green plant? 
could not use. Farmers find that it pays to grow a crop ol 
clover or other legumes and plow it under. 

You may think of the leguminous plants and the bacteria 
which live on their roots as hosts and welcome guests. The 
plant furnishes the sugars and starches which the bacteria 
need to give them energy for their work, as well as the moisture 
and mineral elements. The bacteria make use of the shelter 
and food thus furnished them, and in return as a result of their 
life-activities enrich the soil in which the green plants live. 
Thus, the two kinds of plants are mutually beneficial to each 
other, 



Fig. 132. Nodules on the roots 
1 of a bean plant 
In them live nitrogen-fixing bac¬ 
teria. 
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Electricity as a means of taking nitrogen out of the air. 
Scientists have discovered methods of taking nitrogen out of the 
air by means of electric currents, and thus manufacture fertiliz¬ 
ing material. There are three methods of doing this: (i) the 
cyanamide process, (2) the arc process, and (3) the synthetic 
ammonia process. A report on electrical plants where nitro¬ 
gen is taken from the air would make a good individual 
project. Man is learning how to supplement nature in the 
enrichment of the soil. 

REVIEW OUTLINE 

A. Food-making activities of plants 

1. Where plants get their food 

2. Work of the organs of a plant 

a. Organs of growth 

(1) Roots 

(2) Stems 

(3) Leaves 

b. Organs of reproduction 

3. The absorption of soil-water 

a. The root-hairs 

(1) Structure 

(2) Osmosis 

4. How water passes through the plant 

a. The course followed 

b. Explanations 

(1) Osmotic pressure 

(2) Evaporation 

5. Food manufacture — photosynthesis 

0. The factory 
b, The raw materials 
' e. The machinery 

d. The source of energy 

e. The waste product 

f. The finished products 

B. How TO GROW PLANTS 

1. Home gardens 

2. The need of fertilizers 

a. Value of manure 

b. How nitrogen-fixing bacteria benefit the soil 

c. Electrically-made fertilizers 
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INDIVIDUAL PROJECTS 

Boys’ and Girls’ Clubs: 

The State agricultural colleges or the U.S. Bureau of Plant Industry 
will gladly send you information as to the forming of dubs, Farmers’ 
Bulletin 385 is on Boys' and Girls' Agricultural Clubs. If you dedde to 
cooperate with the Government by forming a corn club, a potato club, a 
garden and canning club, or a pig club, be sure to follow directions 
exactly, elect officers, and have regular meetings. From time to time 
interesting reports may be given to the rest of the class. 

Working projects: 

X. Make a collection of blue-prints of leaves of trees that furnish food. 
Fruit trees, nut trees, maple frees, etc,, may be used. Place the 
leaf next to the glass in a printing-frame, then the blue-print paper, 
and expose to the sunlight. Wash in water and dry, print the 
name of the tree and what food it furnishes. The prints may be 
mounted on cards to be kept for a school collection. 

2. Make a collection of harmful weeds of your locality, and report 
how to exterminate them. Each weed should be carefully pressed 
between pads of newspaper under a heavy weight and mounted on 
cards. By consulting successful farmers or gardeners or writing to 
The International Harvester Company, Chicago, for pamphlets, 
find out the best ways of fighting each weed. 

3. Carry on a successful home garden. 

Reports: 

1. How seeds travel. I 

Consult a botany textbook. Collect as many kinds of seeds with 
traveling devices as you can find to show to the class. 

2. Families of plants. 

From a botany textbook select ten common families. Then 
choose several of the plants in the family with which you are 
familiar, and explain to the class how they are alike, so that they 
may understand why they belong to the same family. 

3. My garden last year. 

A boy or girl who had a successful garden may tell how it was 
managed, so that others in the class may succeed better this year. 

4. Cereal-producing plants. 

See Sargent's Corn Plants. Houghton. 

5. Opportunities on a farm. 

See Tappan’s The Farmer and His Friends. Houghton. 

BOOKS THAT WILL HELP, YOU 

Garden books: 

Farmers' bulletins: U.S. Department of Agriculture. 

154, The Home Fruit Garden. — 255, The Home Vegetable Garden. 
2X8, The School Garden. — 408, School Exercises in Plant Production.. 

A-B-C of Gardening. E. E. Rexford. Harper. 

Simple directions for making flqwer gardens, outdoors and in. 
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Aimtures in Flower Gardening. S, B. Mitchell, American Library 
Ass'n, 

Beginners' Garden Book. Allen French, Macmillan, 

Beginning to Garden, H. P, Wodell, Macmillan, 

Garden Steps. Ernest Cobb, Silver. 

An account, intended for children, of vegetables and their ways. 
Grow a Vegetable Garden. International Harvester Co., Chicago. 
Harper's Book far Young Gardeners. A. H.Verrill, Harper. 

The Horn Vegetable Garden, Adolph Kruhm. Judd. 

General directions for making a garden, with definite information 
about each of the vegetables, 4 
Male the Garden Pay. International Harvester Co. 

Practical School and Horn Gardens (pp. 7-10; 129-75). G. W, Wood, 
Long, 

Romance of Plant Life. G, F, S. Eliot, Lippincott, 

School ana Horn Gardens, W. H. D, Meier. Ginn. 


Food plants: 

Com Plants. F. L. Sargent. Houghton. 

An interesting account of all the cereals. 

Cuban Cane Sugar, Robert Wiles. Bobbs. 

Peeps at Industries. E. A. Browne, Black. 

Includes sugar, tea, etc. 

The Story of Sugar, G. T. Surface, Appleton. 

Scientific agriculture: 

Nm Creations in Plant Life. W, S, Harwood. Macmillan. 

The Story of Agriculture in the United States, A, H. Sanford. Heath. 
Chapters on the "New Era of Scientific Agriculture" and on the 
"Department of Agriculture" (pp, 282-322). 

Useful Plants of the World. W. N. Clute, 

Published by the author, Indianapolis, 

Wonders of Science, School Ed'n, E. M, Tappan, Editor. Houghton, 
An interesting account of "The Farm Boy who went Back"i pp, 
53-65). Also "The New Era of Scientific Agriculture" and on "The 
Department of Agriculture" (pp, 282-320). 



Part II. Controlling the Forces of Nature 
INTRODUCTION — THE FORCES OF NATURE 

The general plan of Part H Our study thus far has been con. 
cerned with the necessities of life, namely, air, water, and food. 
We are now ready to take up the second phase of our study, 
which relates to the forces of nature and their control. All the 
topics to be studied will be brought under two heads: (i) 
"Homes and Clothing" and (2) "The Work of the World." 
This introductory chapter deals with some of the fundamental 
laws of nature, an understanding of which will greatly assist us 
in our later study of such natural forces as heat, motion, light, 
electricity, and magnetism. 1 

A. FUNDAMENTAL CONCEPTIONS OF SCIENCE 

Law of cause and effect. As long as man has lived upon the 
earth he has been benefited and injured by the operations of 
what are commonly called the forces of nature. The earth, the 
sunshine, and the rain have enabled him to raise his crops and 
keep himself and his domestic animals alive. He has made 
fires to help him prepare his foods and to keep himself warm. 
He has learned many ways of using the force of the wind and 
the force of moving water. At the same time he has often wit¬ 
nessed and suffered from the terrible effects of storms and 
floods. He has experienced the extreme heat of summer and 
the intense cold of winter. He has seen the devastating de¬ 
struction of fire. He has been the victim of earthquakes and 
volcanoes. 

Man is different from other animals in that he has a better 
developed ability to think and to reason. The ways in which 
half-civilized man tried to explain the causes of natural phe¬ 
nomena are far removed from the true explanations. Yet the 

1 This Introductory chapter to Part II contains no scries of problems. Every pupil 
should, however, locate as many as possible of the constellations of Btars mentioned in 
the teat. The Individual projects also should receive attention as the chapter Is studied. 
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fact that he was desirous of obtaining an explanation of every, 
day events indicates that even in the early days man was dimly 
conscious of a great fundamental law of nature which we call 
the law of cause and effect. 

As far as our knowledge extends, an event never happens 
without a natural cause. We have yet to find a single instance 
of anything taking place without a force or cause producing it. 
Things do not "just happen.” They happen because a certain 
train of circumstances makes them happen. This is what is 
meant by the law of cause and effect. 

Early explanations of natural phenomena. Semi-civilized 
man realized the necessity of believing that an effect implies a 
cause, but he was unable, because of his ignorance, to assign 
correct explanations for many of the most common occurrences 
taking place around him. Usually he attempted to explain 
them by supposing that spirits caused them. This kind of 
explanation is simple and does not require much thinking. 
He usually pictured to himself good and evil spirits, and 
much of his time was spent in doing what he believed would 
be pleasing to the spirits which, he thought, controlled the 
forces of nature, as well as the very existence of living 
beings. 

In certain region's of the world such beliefs are still to be 
found. Thus, in some parts of Burma altars are built near 
springs to keep the spirit of the spring in good humor so that 
the water may be pure and cold. If the spring runs dry or 
some one becomes ill from drinking the water, the natives 
believe that it is because the guardian spirit of the spring 
has been offended, The remedy consists in offering some 
sacrifice to the spirit, This is a typical illustration of the 
way . in which in the past some common events have been 
explained. 

It is unnecessary, however, to go to Burma to find instances 
of superstition. There are many superstitious beliefs that are 
accepted by some so-called educated people of our own land. 
For example, some persons believe that finding a horseshoe 
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brings good luck, breaking a mirror bad luck, and that knock¬ 
ing on wood prevents harm. Our science work ought to teach 
us very clearly that such ideas are foolish, and that events do 
not happen without a natural cause. If we do not know in any 
particular case just why a certain effect has been produced, let 
us by all means, as educated people, be absolutely certain that 
it is the result of natural law. 

Man’s control of the forces of nature. In this second part of 
our study of the science of everyday life we are to learn some¬ 
thing of the great forces which rule pur world. We shall learn 
about the forms of energy which exist about us, and how man 
has learned to use them, for example, in lighting and heating 
his home, and in transporting himself and his goods from 
place to place. We shall learn something about the relation¬ 
ship between the many forms of energy and the sun, the source 
of practically all the energy upon the earth. 

Matter and energy. Matter is usually; defined as something 
which occupies space and has weight. It exists in three forms, 
— solids, liquids, and gases. (See page 141.) Whenever any¬ 
thing happens to any materials or substances in our world 
so as to make them change their relative positions one to 
another or change their forms, we may be sure that such 
events are brought about through the agency of some form of 
energy. 

Recent discoveries tend to the conclusion that matter and 
energy are one and the same thing. Under certain circum¬ 
stances, matter takes the form of energy, and energy may 
become what we call matter. It is considered that in the 
stars the amount of matter may be decreasing, and that as it 
decreases it becomes energy, part of it taking the form of 
heat and light. This may be the source of the sun’s energy 
which has made life on earth possible for millions of years. 

By energy is meant the capacity, to perform work. The word 
"work” in this connection not only applies to what man does, 
but it includes the results of the actions of what we have called 
the forces of nature. It is impossible to study energy except 
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in connection with matter. This is true because matter and 
energy react closely and completely with each other. It is 
upon this action and interaction of matter that the so-called 
laws of nature depend. 

In our study of air and water, some time was spent in learn¬ 
ing about their possible effects when in motion. Motion is a 
form of energy. We have referred to light and heat in con¬ 
nection with oxidation and to the fact that electricity may be 
gerferated by harnessing the power of falling water. Heat, 
light, and electricity are forms of energy. It is impossible to 
purchase a barrel of heat, light, motion, or electricity as you 
can buy some materials such as a tank of gasoline. Just what 
these forms of energy are nobody as yet has been able exactly 
to tell, although there are theories about them. We know 
that they exist because we can see their effects. They can best 
be described by stating the effects which they are capable of 
producing upon matter. There is evidence to indicate, how¬ 
ever, that matter and energy are interchangeable. We have 
noted the fact that oxidation, one of the most common kinds 
of change, is brought about through the agency of heat. We 
have noted that water may be made into an invisible gas by 
the application of heat. We have found that electricity will 
produce a change in water, making it decompose into its ele¬ 
ments, hydrogen and oxygen. Light also is able to produce 
changes in many substances, such as the coating upon photo¬ 
graphic films and paper, thus making it possible to take pic- 
' tures. These, of course, are only a few of multitudes of il¬ 
lustrations which might be cited to show that the different 
forms of energy produce changes in the materials of which our 
world is made. 

The energy o! living beings. Ever since very early times 
man has made use of the energy possessed by other animals to 
help in doing work. One of the earliest animals to be domesti¬ 


cated was the dog, .which is supposed to be descended from the 
wolf. The work of explorers in the Arctic and Antarctic regions 
has been dependent on dogs, which have in some cases such 
stores of energy that they, are able to draw a heavily loaded 
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keys, elephants, and camels have long been used by man to 
help him in his work. 

Plants, too, possess an 
enormous amount of en¬ 
ergy. Roots of plants ac¬ 
complish a great amount of 
work in loosening the soil. 

A huge boulder may often 
be seen to be split in two by 
the pressure of a root which 
is forced, wedge-like, into a 
crack in the rock. 

Energy possessed by in¬ 
animate objects. Can work 
be done except by living 
beings? If you have ever 
seen Niagara Falls, you were 
impressed by the roar of the 



Fig. t33. At the South Pole 
One of the companions of the dis¬ 
coverer, Captain Amundsen. The energy 
of the dogs that drew the sledges con¬ 
tributed to the success of the expedition. 


immense volume of water as it rushes over the brink and strikes 
the broken rocks below. Perhaps you have been behind the 
Falls, deafened by the noise, speechless with the thought of the 
great power such a mass of water can exert. Only a small 
amount of the water from the Falls is used at present, but it 
is estimated that this one cataract is capable of furnishing seven 
million horse-power, day and night. 

This example is enough to make you realize that energy 
is not confined to living bodies. Examples of inanimate ob¬ 
jects possessing energy are on every hand, as the molten rock 
in a volcano, the speeding submarine, the moving cannon ball, 
the gasoline in the automobile tank. 

The energy of motion — kinetic energy. A bowler imparts 
energy to the ball that he sends down the alley. It strikes the 
pins with such force that they fall with a crash. One pin hits 
another, knocking it down. While the ball rests in the runway 
and while the pin stands in its place they have no energy them¬ 
selves, Only while they are moving do they possess the energy 
to accomplish work. 
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Fig. 134. Forms of energy 

The chemical energy which gasoline contains is changed to heat in the 
cylinders of an automobile engine. When the gasoline burns, this heat 
expands the gases against the piston and gives motion, thus changing the 
heat to kinetic energy. Part of this kinetic (motion) energy goes to the rear 
wheels to give kinetic energy to the machine, part is changed to heat by 
friction, and part goes to the generator and is changed to electrical energy. 
The electrical energy goes to the storage battery and is changed to, and 
stored as, chemical energy. When used, this chemical energy is changed to 
electrical energy and is used in three ways: 

1. In the starting motor, it is changed to kinetic energy and dissipated by 
friction and becomes heat, 

a. In the spark plugs, it becomes heat. 

3. In the lamps, it is changed to light and to heat. 

In climbing a grade the kinetic energy of the car is changed to potential 
energy, At the top of the hill tile position of the car, the unburned gasoline, 
and the chemical energy stored in the battery all represent potential energy. 
As the car descends sorfie of its potential energy becomes kinetic and is 
wasted as heat from the friction at the brakes, and at other places. 

Moving air has enough energy to cause windmills to turn, 
and to carry great ships around the world. Sometimes its force 
is so great that instead of being an agent of good, accomplishing 
much of the work of the world, it becomes an agent of destruc- 
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tion. Storms known as typhoons accompanied by high winds, 
visit certain parts of the globe. In 1906 Hongkong was visited 
by such a storm, which destroyed five thousand lives and 
twenty million dollars’ worth of property. The Florida hurri¬ 
cane of 1926 was another destructive storm, and never a year 
passes but the moving air of tornadoes in the West takes its 
toll of life and property. Have you ever seen any havoc 
wrought by high winds? 

An automobile, a toboggan, a tennis-ball, the piston in an 
engine, all possess energy when, and only when, they are in 
motion. This kind of energy is known as kinetic energy, or the 
energy of motion. The earth itself, as it moves through space, 
possesses an enormous amount of kinetic energy. 

Stored-up energy — potential energy. A lifted hammer 
falls on a nail with enough force to drive it into the board; a 
huge iron "skull-cracker” is dropped on granite boulders with 
enough force to crush them; a watch-spring is wound into a 
tight coil which turns the wheels in the works as it uncoils. 
These are examples of energy stored up because of the position 
of the object. All bodies which possess stored-up energy are 
capable of doing work only when the energy is released. 

Forms of. energy. One form of energy is heat. Heat can do 
work, as we well know. It can cause water to expand to 
steam; it can raise the mercury in a thermometer; it can start 
afire. 

Light is another, form of energy. One kind of work per¬ 
formed by the energy of light results in the production of food. 
In the tiny cells of plants lies the machinery run by the energy 
of light, the microscopic chloroplasts which change the raw 
materials, carbon dioxide and water, into valuable foods for the 
world. (See pages 272-75.) To the energy of light, too, we 
owe our photographs. Work is done when the silver salts are 
changed by the action of light, producing on the plate the 
shadows and lights of the negative. 

Imagine the modern world without electricity. How many 
of your common conveniences and pleasures are due to it? 
Work done by electrical energy is the most startling and wonder- 
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ful of all work. By it messages are sent from continent to 
con tinen t; by it the power of a Niagara can drive factories and 
trolley cars in distant cities. 

A shell hurled from a cannon owes its destructive force not 
only to the energy of motion that it possesses, but to the 
chemical energy of its charge. When it explodes, the contents 
produce gases which occupy vastly more space than the shell 
itself, and scatter destruction over a wide area. Other ex¬ 
amples of chemical energy are shown in baking powder, which 
is able to make a cake rise; in the contents of a fire-extinguisher, 
which can throw a stream of stifling gas on a fire; and in acids, 
which can eat their way through cloth, wood, and human flesh. 

Energy may change its form. Several instances have already 
been given where energy changes its form or is transformed. 



Fig. 135. Transformation of energy 
(This symbol "T means that there ia contact between wires. 

that there is no contact.) 


This one 


Jh 


Explain how the chemical energy stored in the battery may be changed 
to other forms. 


Let us briefly consider two: (1) Water power may be used to 
run dynamos to generate electricity. (2) Coal can be burned 
and the heat thus produced can be used to run dynamos to 
generate electricity. In the first place, electrical energy is 
obtained from the motion energy of falling water as at Niagara. 
In the second case, electrical energy is obtained from the heat 
energy of the burning coal. This electrical energy can be 
transformed back again into heat, as is done in the case of 
electric irons. It may be transformed into motion by the 
electric motor, or into light by the electric light bulb. 
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Energy can never be made from nothing. We have seen 
that just as matter may be transformed (see page 55), so may 
energy be transformed. Just as matter cannot be made from 
nothing, likewise energy cannot come into existence from nothing. 
If the water ceases to flow or the fires are extinguished at the 
power-station, electricity is no longer generated. Furthermore, 
the am ount of electricity which can be generated is limited by 
the amount of energy that is present in the falling water or in 
the coal. 

Energy cannot be destroyed. The third great law regarding 
energy is that although energy may be dissipated or wasted, 
none of it can be destroyed. Energy is indestructible. In this 
respect, also, energy is like matter. (See page 55.) Thus, the 
kinetic energy of a steam engine in operation may be only 
twenty per cent of the total amount of energy in the coal that is 
used to run the machine. The other eighty per cent is not 
destroyed. It has been used to heat surrounding objects 
instead of actually entering into the motion of the machine. 
Again the light from an electric bulb may be less than eight per 
cent of the total amount of energy in the coal that must be 
burned to produce the light. Most of the remaining energy is 
transformed into heat. The Law of Conservation of Energy 
may be stated thus: Energy can neither be created nor destroyed, 
but it can be changed from one form to another. If matter and 
energy are interchangeable, matter may be thought of as a 
form of energy. 

Some common sources of energy. We have just referred to 
two of the most common sources of energy; namely, waterfalls 
and coal. It has also previously been pointed out that the 
body needs food for its energy. We are accustomed as soon 
as we hear the word coal to think of heat. When oil or 
illuminating gas is mentioned, we are apt to think of light. 
When gasoline is referred to, we think of the moving automo¬ 
bile, motor boat, or airplane. Similarly when the word food 
is mentioned, it should call to mind the fact that from it we, 
and all other livings things, obtain the power to carry on 
life activities. 
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Only by a long period of experimentation, -which is still going 
on, has it been discovered that certain things in or upon the 
earth have energy stored in them. The first experiments with 
such things must have been more or less accidental. Thus, be¬ 
fore any one knew anything about coal, we can imagine the 
surprise of a savage upon discovering that what he must have 
considered a black rock would burn when heated. Likewise, all 
our articles of food must have been experimented with before 
their value as energy-givers could have been determined. 

Conserving nature’s storehouse of energy. The amount of 
energy on the earth is limited. We have found that the great 
source of the energy of living beings is their food. Fertile 
soils capable of growing food are valuable and should not be 
wasted. Our great sources of heat are coal, wood, and oil. 
During the past century we have been using the supply of these 
substances much more rapidly than nature has been able to 
replace them. The amount of energy in running water de¬ 
pends upon the volume of water and the distance it has to fall. 
If we allow our streams to be generally diminished during part 
of the year, as may be done by cutting down the forests at 
their headwaters, we are wasting a great store of energy. As 
population increases, and as these great forces of nature are 
used more and more to accomplish the work of the world, 
nations find it necessary to pass laws to insure the conservation 
of their natural resources. 

In the great country of China, the need of conserving the 
forests and thus the water supply was not realized. As a 
result, poverty and suffering have followed in many districts. 

Original source of all energy upon the earth. It is true, as 
■ has been stated, that energy cannot come from nothing; it is 
evident that running water, coal, wood, food, etc., must have 
obtained their energy from some source or sources of supply, 

The energy of running water is due to its position. There- 
■ fore, if we find out how it came to be in an elevated position, we 
shall discover the source of its energy. As we have already 
found out in a previous chapter, the sun lifts the water above 
the surface of the earth in the form of an invisible vapor, 
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Then condensed it returns to earth in liquid or solid form. 
Much of it again reaches the streams and helps them to do 
work. 

Since the sun is necessary for plant growth, and all food 
and fuel come either directly or indirectly from plants, the 
importance of the sun in this connection can readily be seen. 

B. THE UNIVERSE 

Telescopes. Although science of the stars antedates the 
earliest records of the history of man, modern astronomy is 
usually considered as having begun with Copernicus.. (1473- 
1543). In a famous book, he set forth the theory which had 
been suggested vaguely by a few ancient astronomers that the 
earth and other planets revolve around the sun in fixed orbits. 
Until the telescope verified his theories and forced men to 
believe them, the earth was considered the center of the 
universe with the sun and stars revolving around it. Modern 
astronomy began with the invention of the telescope, an in¬ 
strument which increases the visibility of distant objects. 
The exact date of its invention and its inventor are uncertain, 
but it is known that such an instrument was made in Holland 
in 1608. Galileo improved it and in 1610 by means of one 
which magnified 33 diameters he discovered the satellites of 
Jupiter and soon afterwards the spots on the sun and the 
mountains and valleys on the moon. 

Two types of telescopes are used in astronomical study, the 
refractor type and the reflector type. Galileo made the re¬ 
fractor type. In this type the rays of light are refracted or 
bent to a focus by a convex lens at the opening of the tube. 
When the focal point of the eyepiece or eyelens is coincident 
with the focal point of the large lens the light passing out from 
it will form parallel rays which are again brought to a focus 
by the lens of the human eye, and an image is formed on the 
retina. The magnification of the image depends upon the 
length of the focus of the object lens as compared with that 
of the eyepiece. The modern opera glass is based on this 
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principle. The largest refractor telescopes in use are the 
thirty-six-inch telescope in the Lick Observatory in California 
and the forty-inch refractor telescope in the Yerkes Observa¬ 
tory in Wisconsin. Modern inventors have helped perfect 
these instruments; their use has been widened by photography, 
Photographic plates can detect the light of many stars too far 
away to be seen by the human eye even with the telescope. 

The use of the refractor telescope is limited because objects 
cannot be magnified beyond a certain point since it is difficult 
to produce perfect lenses of increasing dimensions. For this 
reason the largest telescopes, those capable of bringing into 
view either by means of the human eye or by photographic 
plates over 500,000,000 stars, are of the reilcclor type. James 
Gregory and Sir Isaac Newton developed the reflector tele¬ 
scope. In this type the rays of light are collected by a concave 
mirror which reflects them to another smaller mirror or prism 
by which they are reflected to the eyelens. At the Mount 
Wilson Observatory in California the telescope has a mirror 
too inches in diameter and a new one, now being set up at 
Mount Palomar, California, has a reflector 200 inches in di¬ 
ameter, which will bring into view many more millions of stars. 

The sun and other stars. Our sun is really a star, smaller 
than many others. The sun looks so large and the stars so 
small because the sun is only 93,000,000 miles away, while 
the nearest known star is many thousand times this distance 
from us. The sun is enormous compared with the earth. To 
get some idea of the comparative sizes, imagine a fast express 
train which could travel from New York to San Francisco 
in four days. At the same rate it could travel around the 
Equator of the earth in thirty-five days, but it would need 
ten years to travel around the sun! If the train could start 
off into space and travel at the same rate day and night until 
it reached the sun, it would take 350 years! 

If you make a circle of paper eight and one half inches in 
diameter to represent the sun, the head of a pin will represent 
the size of the earth, If the pin is placed seventy-seven feet 
from the paper, this distance will suggest the distance of the 
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Fig. 136. Sue spots 

earth from the sun. For millions of years the sun has been 
sending out energy in the form of heat and light in every direc¬ 
tion, a small fraction of which reaches the earth. What is the 
source of this energy? One source could be the contraction of 
the sun as it cools, for as objects contract they give out heat. 
But this would account for a very small fraction of its heat. 
Some scientists think that a source of this energy is radio¬ 
activity. (See page 56.) 

The brightness of the sun's surface is due to shining clouds 
of metallic vapors. The sun is so hot that at its surface all 
elements existing on the earth as solids are gases. At times 
dark spots, called sun spots, are seen on the surface. They 
are violent, whirling storms like giant tornadoes in the clouds 
of hot gases. They have been estimated to move at a speed 
of 6000 miles per minute. The Florida tornado of 1926 traveled 
at the rate of 2 miles per minute. About every eleven years 
ther,e is an increase in the number of sun spots. Then the 
compass needle is disturbed, radio and telegraph messages 
• are interfered with, and the Aurora Borealis or Northern 
Lights become more brilliant. 

All the stars, including the sun, shine by reason of their own 
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light and not by light that is reflected from some other source, 
as is the case with the moon. It takes the light from the sun 
eight minutes to reach us, although light travels at the rate of 
about 186,000 miles a second. In spite of this great speed, the 
light from the nearest star takes over four years to reach us; 
same stars are so far away that if they were to go out to-day, 
we would not know it for hundreds or thousands of years. 
Constellations. Groups of stars are known as constellations. 

-"Ancient peoples imagined that the stars 

were arranged in certain groups to rep- 
resent various dragons, wild animals, 
great heroes, gods, and goddesses. The 
old names of stars have been handed 
, down to us. Thus, we speak of the 

‘ "Great Bear” and the "Little Bear," 

two constellations that can be seen in 
the heavens at all times of the year 
near the north star. In fact, the north 
star or pole star helps to form the lat¬ 
ter constellation. 

The North Star and the Big Dipper. The North Star, be¬ 
cause it has been used from time immemorial to point out 
direction both to mariners and to those traveling over the 
land, is probably the best-known star in the heavens. All the 
other stars seem to revolve around it. That is because it is 
almost in a direct line with the earth's axis. It is possible by 
first locating the North Star to find many of the constellations. 
In order to find the star, look into the northern sky at any time 
of the year on a clear night. Locate the Big Dipper. The two 
stars which make the sides of the bowl farthest removed from 
the handle are called the pointers, because they point almost 
directly to the NorthStar. This star is about equal in brilliancy 
to that of the pointers and appears to be about five timfs as 
far away from them as the distance between these two stars, 
The Little Dipper. The pole star is really a part of the constel¬ 
lation which the ancients called Ursa Minor, or the Little Bear, 
but which we call the Little Dipper. The pole star is at the end 


Mg. 137. The Big and 
Little Dippers and the 
North Star 
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of the long handle, which curves until it joins the dipper, made 
of four stars, two of them dim. In the fall, you will feel sure 
that the Little Dip¬ 
per will never hold 

water, for it is up- JU ^ / APRIL 

side down, but the v ,* s' 

Big Dipper is right \y / 

side up; in the spring ‘ \ ' j 

you will see that the \ 

Little Dipper is right ^ ,m 7 // \ ^ 

side up, while the 

Big Dipper is upside V 

down. These con- X. 

stellations, and all \y / 

. the others, seem to S 

revolve around the OCTDBE,? f J/WUDRE 
North Pole of thehea- / 

vens. Really it isthe 
rotation of. the earth 

in its orbit which ^ Positions of the Big Dipper at 
causes the stars to different seasons 

seem to revolve. 

Types of stars. Stars differ greatly in size and brilliance. 
They also differ in color, ranging from red through orange and 
yellow to bluish or bluish white. The diameters of some of 
them greatly exceed the distance between the earth and the 
sun. The largest stars are not always the most brilliant, be¬ 
cause they may be farther away from us. Astronomers classify 
stars by “magnitudes," or degrees of brightness. First 
magnitude stars are so brilliant that they may be clearly seen. 

Until the invention of the telescope, astronomers were limited 
in their observation of heavenly bodies) On the clearest night, 
without the aid of a telescope not more than about two thou¬ 
sand stars can be seen from any one place on the earth. Even 
Ptolemy, one of the greatest astronomers of the ancient world, 
catalogued only slightly more than a thousand stars. Sir 
William Herschel first gave us an idea of the immensity and the 


Fig. 138. Positions of the Big Dipper at 
different seasons 
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general shape of the system of stars to which our solar system 
belongs. The Milky Way, or the Galaxy, appears to be a hazy 
band of light. It is really composed of enormous numbers of 
stars like our sun but immensely larger. At right angles to 
the plane of the Milky Way there are comparatively few stars. 

A few stars to learn. If you carry an imaginary line from 
the top of the Big Dipper, where the handle is attached, across 
to the other top star and off into space about four times the 
width of the Dipper, you will find a yellow star of the first 
magnitude, Capella, which is a part of the constellation Auriga, 
the Charioteer. Capella gives off one hundred and twenty 
times as much light as our sun. Not far away are Castor and 
Pollux, the Twins. Pollux is a yellow star, about the age of 
the sun; Castor is white; therefore younger. 

The brightest star in the heavens in summer is Vega. It is 
white, and gives off ninety times as much light as our sun, but 
it does not seem so because of its greater distance. Our sun is 
moving in the general direction of Vega. The brightest winter 
star is Sirius, the Dog Star, in the constellation Canis Major, 
the "Big Dog.” The ancients thought of him as belonging to 
Orion, the mightyHunter, the most brilliant winter constellation. 



Moml Wilson Observatory 

Fig. 139. A spiral nebula 
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Mount Wilson uoservalory 

Fig. 140. A dark nebula (S-shaped) 


Nebulee. Through a large telescope not only do points of 
light, the stars, appear; but cloudlike masses, some spiral in 
form, others irregular and shapeless, are seen. These are 
called "nebula:” from the Latin word for cloud, They are 
composed of gasses and hundreds of thousands of them exist. 
Many are so far away that they are'believed to be universes 
quite separate from our own. Some nebula: are dark, and 
hide the stars that are beyond them. The.nature of these 
dark nebula: is a. mystery. 

The solar system. How different is our knowledge of the sun 
and stars from that of ancient peoples who thought that the sun 
was a chariot of fire driven across the heavens, a kind of canopy 
in which the gods placed lamps at night, and that the earth 
was the center of the universe. We know that the earth is rela¬ 
tively small compared with other worlds and stars, and that it 
and eight other heavenly bodies called planets revolve around 
the sun. The sun and these bodies with lesser ones which in 
turn revolve around them make up what is known as the solar 
system. Solar comes from a Latin word, meaning sun. 
Planets. There are nine planets. They all shine by light 
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reflected from the sun. In order of size they are: Mercury, 
Pluto, Mars, Venus, the Earth, Uranus, Neptune, Saturn, and 
Jupiter. Mercury is the smallest, and also the nearest to the 
sun, being 35,900,000 miles from it. The newly discovered 
Pluto is no larger than Mars. It is farthest away from the 
suit, being 40 times as far distant as the Earth. The largest 
planet is Jupiter, which is more than 1300 times the size of the 
Earth. Figure 141 gives further facts regarding all the planets. 


Nam 

Diameter 
in miles 

Distance 
from sun 
in millions 
of miles 

Period of 
revolution 
in dofs 

Period of rotation 

Known 

sold- 

lilts 

Mercury 

2,992 

35-9 

88 

88 sidereal days 


Venus 

7,660 

67 

224.7 

Not known definitely 

,, 

Earth 

7,914 

92.7 

365.3 

23 hr. 56 nun. 

1 

Mars 

4,200 

141 

687 

24 hr. 37 min. 

2 

Asteroids 

243 

259 

1,600 

. . . 

. . 

Jupiter 

Saturn 

(Vesta) 

85,000 

71,000 

482 

884 

(average) 

4,332 

io ,759 

9 hr. 55 min- 

10 hr. 14 mm. 

9 

10 

Uranus 

31,700 

1,780 

30,687 

unknown 

4 

Neptune 

34.500 

2,780 

60,127 

unknown 

1 

Pluto 

4,200? 

3 , 708 ? 

91.250 

Unknown 



Pig. 141 


Only five of the planets can be seen with the naked eye. 
Mercury is so close to the sun that it is rarely seen. Venus 
is the bright planet seen at times in the western sky at sunset 
or in the eastern sky at dawn. Just outside the earth’s orbit 
is that of Mars, the red planet. Its color js due to its soil, 
apparently desert except for the polar ice caps. These can 
be seen with a telescope. They wax and wane with the 
Martian seasons. Markings like straight lines can be seen 
on a clear night with a large telescope. Some think these are 
canals or vegetation on the sides of canals leading from the 
polar ice caps. The atmosphere on Mars is very thin, and 
the average temperature is much lower than ours. Whether 
or not life is present is not known. 

Saturn is the most distant planet which can be seen with 
the unaided eye. The planet is surrounded by several thin, 
flat, whirling rings which can be seen only with a telescope. 
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Uranus, much, larger than the earth, is so distant that it gets 
little light from the sun, and so is seen with difficulty. Uranus 
was discovered by Herschel in 1781. It had not been found be¬ 
fore because of_a lack of sufficiently strong telescopes to see it. 

About forty years after the discovery of Uranus, astrono¬ 
mers observed that it appeared to move in a very slight degree 
contrary to the laws of gravitation. This discrepancy in its 
motion was exceedingly slight, and was not clearly evident for 
several years. Finally, in 1840, an Englishman, Adams, and a 
Frenchman, Leverrier, working independently, designated a 
particular place in the heavens where they believed an un¬ 
known planet was located whose gravitational pull was affect¬ 
ing the orbit of Uranus. 

Following the directions of Leverrier, a German astronomer, 
Galle, pointed his telescope into the heavens at the place sug¬ 
gested and discovered the planet Neptune, still farther out in the 
heavens almost 3,000,000,000 miles from the sun. This discov¬ 
ery constitutes one of the most awe-inspiring feats t»f science. 

Only recently has the world known about Pluto. Yet in 
1914 Dr. Percival Lowell foretold that it would be found. . At 
the Lowell Observatory in Flagstaff, Arizona, which Dr. Lowell 
founded, a systematic search was instituted, and on February 
18, 1930, an observer identified the new planet on a photo¬ 
graphic plate, exposed by means of a powerful new telescope. 
Pluto takes about 250 years to make one revolution around 
the sun, for it is 900,000,000 miles farther from the sun than 
Neptune. 

The density of the earth and sun may also be compared. 
By the density of a body is meant the average quantity of 
matter composing a unit volume of the object. Objects vary 
greatly in density. To obtain a means of comparison of the 
density of different bodies of matter, the density of water at 
4° C., is usually employed as standard. At that temperature 
water reaches its densest condition. The sun, although believed 
to be gaseous throughout, is nevertheless denser than water; its 
average density is approximately 1.4 times as heavy as an equal 
volume of water at the temperature indicated. This is at first 



3o a 


The Forces of Nature 


hard to believe, since we are accustomed to thinking of gases as 
J**Ueh lighter tlian water. However, the gaseous material deep 
m l he sun’s interior is greatly compressed, and hened made 
KlUch denser than any gases which we know.. The earth’s 

average density is 5.5 
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times the density of 
water; the earth is be¬ 
lieved to be the densest 
body in the solar system. 

Moons. Most plan¬ 
ets have bodies of their 
own which revolve 
around them. The earth 
has one such body called 
the moon. Neptune has 
one and Saturn ten. Our 
moon has no atmosphere 
or air about it, and al¬ 
ways keeps the same sur¬ 
face turned toward us, 
We say the moon is full 
at certain times, a cres¬ 
cent at other periods, and 
«. new moon at still others. The moon shines by light reflected 
fr Qm tlie gun all d wc see only that part of its surface upon which 
th e sun is shining- Figure 142 will help to make this point clear. 

Parts of the surface of the moon are pitted with ring-shaped, 
Crater-like depressions, the floors of which are flat. Usually 
th ere is a cone-shaped hill rising from the center of the ring. 
A. xnJt&kr of theories have been used to explain these craters, 
bi-JT lu been widely accepted. The diameter of the 
1 miles. Since the moon is smaller and not 
|flth, objects on the moon would weigh much 
1 the earth. 

I in imagine the terror which seized upon 
n he observed a total eclipse of the sun. 
ina to-day during an eclipse there is a great 


Jig. 142. Phases of the moon 

tSSf Sitf gSuwt.. 

^aranc °of the moon as wc m it from tf>e 

^rth is shown by the ' nner f ,rc9 ' (TI, 1 
Co ‘np a "*c» n f the carth, moon, and 
ann,adrftfi o^it of the moon are not in 
proportion, \mm of l«™tcd space 
Qtl the page.) 
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Fig. 143. Craters on the moon’s surface, as Been 
through a telescope 


uproar to frighten away an imaginary dragon and make him 
disgorge the sun! An eclipse of the sun is due to the moon’s 
getting directly between it and the earth. Although the 
diameter of the sun is about four hundred times that of the 
moon, nevertheless, because the sun is approximately four 
hundred times farther away from the earth, the two bodies 
appear to us to be about the same size. Consequently when 
the moon’s pathway comes directly between certain areas of 
the earth and the sun, a total eclipse occurs in those areas. 
While the eclipse is taking place what appears to be a little 
notch first forms on the western part of the sun’s rim, and this 
spreads toward the east. The period in which the sun is totally 
eclipsed never lasts more than seven minutes and forty seconds. 

Meteors. On any clear night faint streaks of light suddenly 
appear in the sky, and after being visible for a fraction of a 
.second or longer, disappear. These streaks of light are caused 
by meteors or "shooting stars.” Probably many millions 
come into the earth’s atmosphere daily. Most are very small, 
some even as small as grains of sand. They shine because, 
passing through the atmosphere at a very high rate of speed, 
they are heated by friction of the air until they glow. They 
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shine until they are consumed, or until their speed is so re. 
duced that friction is too little to keep them hot. Unusually 
large numbers are seen in August. Some of them belong to 
our solar system; others come from beyond. Those winch are 
too large to be entirely broken up before they reach the earth 
are called meteorites, Most museums have examples of them. 
They are composed largely of iron. Most meteors, however, are 
stony and not composed of metals. About thirty of the ninety- 
two known elements have been found in them. Sometimes ex -1 
ceptionally large ones weighing tons have been found. Several 
times meteorites have exploded with a noise that has been heard 
on earth for miles around. When Admiral Byrd was near the 
South Pole in 1935, he saw frequent showers of small meteorites. 


C. TIME AND SPACE 

Years. All the planets revolve around the sun, the time 
necessary for a complete revolution making a planetary year. 
These years vary for different planets. Thus, compared with 
the earth, Mercury has a year three months long, while 
Neptune's year is equal to one hundred and 6ixty-five. 

Seasons. Our seasons are due primarily to the fact that 
there is an inclination or tipping of the axis of the earth 
twenty-three and one half degrees from the perpendicular 
erected to the plane of its orbit. Only at two short periods 
in the year, known as the spring equinox, March 21st or 22d, 
and the autumnal equinox , September 22d, do the perpendicu¬ 
lar rays of the sun fall directly on the Equator. On those 
dates day and night are equal in length everywhere on the 
earth. From the date of the spring equinox to the autumnal 
equinox the northern hemisphere is inclined toward the sun, 
and the southern hemisphere away from the sun. There is 
no night in all this time at the North Pole, and no day at the 
South Pole; the days are longer than the nights in all the 
northern hemisphere. The longest day in the northern hemi¬ 
sphere is the date of the summer solstice, June 21 st On this date 
. the perpendicular rays of the sun fall on the Tropic of Cancer, 
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Fig. 144. A diagram to show the causes of the seasons 
The north pole is visible in each position. The earth's orbit is not a 
perfect circle, but an ellipse. The earth is slightly nearer the sun at the 
time of perihelion about January 1 than at the time of aphelion about July 1. 

which is 23 degrees north of the Equator. When the rays of 
the sun are more nearly perpendicular at a given place, and the 
days are longer than the nights, that place receives greater heat 
and we call the season summer. Summer time in the northern 
hemisphere is winter time in the southern hemisphere. 

Day and night. The earth rotates constantly on its axis, so 
only one half the earth can receive the direct rays of the sun 
at a time, and consequently night and day follow each other. 

The length of day and night varies with the distance from 
the Equator. Near the Equator days and nights do not vary 
greatly in length. They are always about twelve hours long. 
Around the poles, nights and days are six months long. Be¬ 
tween these two extremes the length of day and night varies. 

Most of the other planets, besides revolving around the sun, 
also rotate on their own axes. The lengths of their days and 
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nights differ. Jupiter rotates on its axis at the approximate 
rate of once every ten hours. Its days and nights, therefore, 
are each only five hours long. Venus, which rotates on its 
axis only once during its revolution around the sun, has 
perpetual day on one half of its surface and night on the other. 

Time and time belts. It was formerly the custom for every 
one to tell time by the sun. The moment when the sun was 
most nearly overhead at any place was called noon. After 
the railroads and telegraphs were builL, this method of telling 
time was undesirable. Why? In 1883 the United States 
Government decided to establish time belts. They are called 
Eastern, Central, Mountain, and Pacific. The country is di¬ 
vided into the four sections (see figure 145), each belt having 
one hour earlier time than the belt immediately adjoining it 
to the east. Thus, when it is twelve, noon, in New York, 
it is eleven o’clock in Chicago, ten o’clock in Denver, and nine 
o’clock in San Francisco. When it is four o'clock in the after¬ 
noon in Portland, Maine, what time is it in Portland, Oregon? 



Fig, 145. Time belts in the United States 
Each time a person, in traveling from eaBt to west, crosses the boundary 
line of on? of these belts, h? must set his watch back one hour. Why? 
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Terrestrial meridians, or meridians of the earth, are the 
shortest possible imaginary lines on the surface of the earth 
connecting the North and South Poles, and, therefore, are lines 
having a north-and-south direction. Meridians cross the 
Equator and all other east-and-west lines, or parallels, at right 
angles. Since there are three hundred and sixty degrees in a 
circle and the Equator and all parallels are circles, for conven¬ 
ience in measurement three hundred and sixty meridians have 
been designated on the earth’s surface. One meridian is called 
the prime meridian, and passes through Greenwich, which is a 
part of London, England. We count time starting from the 
prime meridian. Since there are twenty-four hours in a day, 
the three hundred and sixty meridians have been divided into 
twenty-four standard meridians, which are naturally fifteen 
degrees apart in distance and an hou^apart in time. People 
in the eastern time belt of the United States live near the 
seventy-fifth meridian, or the fifth standard meridian. Their 
clocks, set by standard time, are five hours slower than 
London standard time. 

Locating points on the earth’s surface. In ocean and in 
airplane travel it is necessary to have some means of locating 
one’s position and to have a method of indicating that posi¬ 
tion which is common to all nations, For instance, in going 
from New York to Liverpool the captain of the ship must 
know how to hold his course and in case of accident he should 
be able to radio the ship's position. When Admiral Byrd 
was on his airplane trip over the North Pole he had to have 
some means of knowing when he was over itj and in order to 
convince scientists that he had flown over it, he had to have 
records which proved that he had done so. Tire civilized 
countries of the world use a uniform method of locating points 
on the earth's surface. We can locate any point by stating 
the number of degrees north or south of the Equator and east 
or west of the prime meridian the place is. (See map on page 
159.) Locate a meridian and a parallel. We speak of the 
number of degrees a place is north or south of the Equator as 
so many degrees of north or south latitude, and the number of 
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degrees a place is east or west of the meridian of Greenwich as 
so many degrees of east or west longitude. Thus Florida is 
about 25 degrees North Latitude and 80 degrees West Longi¬ 
tude. The mouth of the Amazon is 50 degrees West Longitude 
and zero degree Latitude. Locale in this way the Isthmus of 
Panama and Newfoundland. Turn to the map of your State in 
your atlas and note whether or not the degrees of latitude and 
longitude are divided into minutes, indicated thus ('). In some 
maps the minutes are divided into seconds, indicated thus ("), 
In each degree (°) there are sixty minutes, and in each minute 
there are sixty seconds. A degree at the Equator is about sixty- > 
nine miles. Figure how many miles are in a minute and how 
many feet in a second at the Equator. A navigator with suitable 
instruments can find his location on the ocean within a small 
fraction of a mile. FindKhe latitude and longitude of your pity. 

Gravitation. Almost every one has heard that as Sir lsaac 
Newton sat one day under an apple tree he was hit on the head 
by a falling apple and thus was set to thinking about why the 
apple fell toward the ground. Many people before him had 
seen apples and other objects fall to the ground, but no one 
had thought very much about the reason. Like many other 
common events this one had been taken for granted. Sir 
Isaac Newton, however, saw in such a common event as a 
falling apple the heart of a great problem. 

He worked out the fundamental natural laws regarding the 
attractive force existing between all the different objects that 
compose the universe. This force is gravitation. When the 
attraction is exerted by the earth we call it gravity. It is that 
force which tends to pull all objects toward the earth’s center. 
Thus, objects fall to the ground because of the force of gravity. 
Newton discovered that this force varies with the amount of 
matter in the bodies concerned, The greater the amount of 
matter in them, the stronger their pull on each other. We 
measure this force when we weigh anything. Newton also 
discovered that the greater the distance between two bodies 
the less was their pull on e'ach other. Gravitation varies in¬ 
versely as the square of the distance between the two bodies 



Review Outline 


309 

increases. If you double the distance between the two bodies, 
the pull is only one fourth as much. The law may be stated 
thus: Any two bodies attract each other with a force inversely 
proportional to the square of the distance between them. 

Sir Isaac Newton (1642-1727) was the first modem scientist 
to give special study to the moon. Although it is 240,000 miles 
away, the moon revolves about the earth, because it is held in 
its orbit by gravity. The moon also exerts an attractive pull 
upon the earth. Our tides are almost entirely caused by the 
influence of the moon. Since water is easily moved some of it 
is actually heaped up at certain places and drawn away from 
other places, producing at one spot on the shore the rising, 
and at another the fallirw of 

Not only is the moon held in piace by this great force, gravi¬ 
tation, but the same force holds the sun and the planets in their 
relative positions. Indeed, the motions of the stars and their 
systems are all controlled by gravitation. 

REVIEW OUTLINE 

A. Some fundamental conceptions of science 

1. Law of cause and effect 

2. Relations between matter and energy 

а. Changes produced by energy 

б. The energy of living beings 

c. Energy possessed by inanimate objects 

d. The energy of motion — kinetic energy 

e. Stored-up energy — potential energy 

/. Forms of energy 

(1) Transformation of energy 

g. Conservation of energy 

h. Sources of energy 

(1) Conserving nature's storehouse of energy 

(2) Original source of all energy upon the earth 

B. The universe 

1. Telescopes 

2. The sun and other stars 

3. Constellations 

a. The Big Dipper 

The North Star 
• b, The Little Dipper 
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4. Stars 

a. Types of stars 

6, A few stars to leant 
c. Nebula; 

5, The solar system 

o. Planets 

b. Moons 

c. Eclipses 

d. Meteors 
C. Time and space 

1. Time 

a. Years 

b. Seasons 

c. Day and night 
i. Time belts 

2. Space 

a. Locating points on the earth's surface 

b. Gravitation 

(1) The Tides 


INDIVIDUAL PROJECTS 

Working projects: 

1. Make a list of the effects produced in your own liomc by different 
forms of energy. 

2. Visit several industrial plants of your town to find what form of' 
energy is used in each. 

3. Light a fire with the heat of the sun. For directions see The Book 
of ihe Stars, page 37. A. F. Collins. Appleton. 

4. Signal with the sun's rays. (See Collins’s Book of the Stars, pages 
38 and 39.) 

5. Make a simple telescope. Directions are given in Darrow's T/ie 
Boys’ Own Book of Great Inventors, pages 376-77, and in Collins's 
Book of the Stars , pages 140-43. 

6. Make a star finder. (See Collins's Book of the Stars, pages 1-2.) 

7. Photograph the stars. (See Collins's Book of the Stars, pages 185- 
87.) 

8. Learn to recognize as many constellations as possible. 

Astronomy from a Dipper. E. C. Clarke. Houghton. 

Earth and Sky Every Child Should Know. J. E. Rogers. Double¬ 
day. 

Easy Star Lessons, M, Proctor. Silver. 

Hammett's Planisphere, Hammett. 

9. Find your latitude by the stars. (See Collins's Book of the Stars.) 

10. Learn how to tell time by the Big Dipper. (See Collins's Book of 

ihe Stars, page 12.) 
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11. Make a "Sky-book,” containing as much interesting material 
about the sky as you can collect. Among other things it might 
contain the following: 

1. Drawings of the Big Dipper at hourly intervals on some clear 
winter evening. 

2. A chart of the moon's appearance for a month. 

( 3. Drawings or charts of interesting constellations. One way to 

make charts is to paste small gold or silver stars on blue or 
black paper in the positions that they appear in the sky. 

4. Myths about the constellations. 

5. A story about the Milky Way. 

12. Make a blackboard graph to show the times of sunrise and sunset 
for at least two weeks. 

13. Show by means of a lighted lamp in a darkened room the causes of 
the seasons. Use oranges or rubber balls to represent the earth at 
different seasons. (See figure 144.) 

14. Show by a similar apparatus why the length of day varies at dif¬ 
ferent places 011 the earth's surface. Keep the axis always tilted 
twenty-three and one half degrees. 

Reports: 

1. The discovery of the north pole. 

Modern Triumphs (pp. 3-14). E. M. Tappan. Houghton, 

2. Harnessing Niagara Falls. 

How It Is Done (pp. 467-84). A. Williams. Nelson. 

3. Interesting facts about the stars and planets. 

The Children's Book of Stars, G. A. Mitton. Black. 

The Friendly Stars. M. E. Marten. Harper. 

The Stars and Their Stories. A. M. M. Griffith. Holt. 

The Ways of the Planets. M. E. Marten. Harper. 

4. Eclipses. 

Giant Sun and His Family (pp. 25-81). M. Proctor. Silver. 

5. Life and work of Sir Isaac Newton. 

The Story of Great Inventors (pp, 27-33). F. E. Burns. Harper 


BOOKS THAT WILL HELP YOU 

Astronomy for Young People. I. M. Lewis. Dufficld. 

The Book of the Stars. A, F. Collins, Appleton. 

The Book of the Stars for Young People. W, T. Olcott. Putnam. 
The Elements of Descriptive Astronomy. H, A. Howe. Silver. 

The Field and Forest Handy Booh D. C. Beard. Scribner. 

Giant Sim and His Family. M, Proctor. Silver. 

A Guide to the Constellations, A. G. and W. H. Barton. McGraw. 
Romance of Modern Astronomy. H, MacPherson, Jr. Lippincott. 
Romance of Modern Inventions. A. Williams. Lippincott. 

Secrets of the Stars. I. N. McFee. Crowell. 

The Star People. G. Johnson, Macmillan. 

Stars and their Mysteries. C, R. Gibson. Lippincott. 

The Story of the Heavens. R. S. Ball. Ginn. 

The Story of the Moon, G. P. Serviss. Appleton. 
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XII 

BUILDING OUR HOMES 

Homes la different parts of the world. Even before men 
emerge from a savage state they find some kind of home neces¬ 
sary to protect them from storms, heat, cold, and wild ani¬ 
mals. The kind of home which' people have depends on the 
climate and the materials at hand. 

An Eskimo builds a warm, comfortable home out of blocks of 
ice. A Bedouin of the desert builds his home on an oasis out 
of mud bricks which he makes from clay dug from under the 
sand. A native Hawaiian builds a framework of bamboo poles 
and covers it with grass. The Arab in his woolen tent, the 
Japanese in his light wooden house with paper screens for 
windows, the mountaineer in his log cabin, all utilize for their 
homes the materials which they can obtain most easily. Study 
the illustration opposite. What can you learn about the ways 
in which the people shown utilize the materials which they 
have both for homes and for clothing? Those of us who live 
in the country may live in wooden houses; in towns we live in 
houses of wood, brick, or cement; in cities we live in brick blocks 
or in great apartment houses built of steel and concrete. In 
thi6 chapter we shall find out something of how houses are built 
and of the materials composing them. 

Your home. You may spend some time learning the con¬ 
struction of your home, in examining its convenience and 
safety, but if your work stops there, the purpose of this project 
will not be attained. Can you not make your home better, 
safer, more convenient? Several of the problems and indi¬ 
vidual projects will give you suggestions as to how you may 
improve your home conditions. 
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THE PROBLEMS 

Introductory. 

1. To examine my home conditions. 

A. On building plans and Construction. 

2. To observe a house while it is being built. 

3. To study house plans, and to determine their good 

and bad points. 

4. Are the wails of my house "plumb"? 

B. On materials used in building our houses. 

5. Why do bricks crumble? 

6. To make a concrete slab. 

7. To make plaster. 

8. To compare building stones. 

9. What roofing materials are fireproof? 

C. On wood as a building material. 

10. Where does growth take place in a tree? 

11. To study the structure of wood. 

12. How is wood cut? 

13. To compare hardwoods and softwoods. 

14. To determine the uses of different kinds of wood in 

our houses. 


INTRODUCTORY 

Problem 1: To examine my home conditions. {Home.) 

Directions: Find the answers to the following questions. For every 
"yes" score 2 points. You need not report your findings to the class 

Do not write in this book. Keep your record on a copy of this form. 

Yn> No 

A. The Location. 

1. Is the house located on high land? 

2. Are the surroundings attractive? 

3. Is there sufficient space around the house to 
afford plenty of light and air? 

4. Are the neighbors congenial? 

5. Is the view pleasant? 

6. Is the street quiet? 

7. Is the neighborhood free from any offensive 
odors? 
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Yss 

8. la the house conveniently placed for sciiool? 

9. For church? 

10. For business? 

8 . The House Surroundings. 

XI. Have you a lawn around your house? 

12. If so, is the grass neatly kept? 

13. Do flowers and shrubs add to the beauty of 
the house surroundings? 

14. Have you space for a vegetable garden? 

13. If so, is it so well managed that it helps to re¬ 
duce the cost of living? 

16. Are there trees? 

17. Are they so placed that they do not cause 
dark rooms, dampness, rotting shingles, 
blocked eave-spouts, or broken cellar walls? 

18. Is the back yard as attractive as the front 
yard? 

C. Sunlight and Air. 

19. Does the house face the sun? 

20. Can fresh out-door air enter every room? 

D. Construction and Repair. 

31 . Is the house entirely waterproof? 

22. Is the house entirely windpronf? 

23. Is the wall paper in good condition? 

24. Is the plaster in good condition? 

25. Are the floors in good condition? 

26. Is the woodwork in good condition? 

■E. Drainage. 

T}. Can surface water drain away? 

28. Is the house connected with a sewer? 

; 29, Is all the plumbing in good condition? 

30, Is the cellar dry? 

7 Water Supply. 

, Ji' Is your water supplied by the city? 

32. If you depend on. a private supply, do you 
know that the water is pure? 

33. Is the water piped into your house and to each 
floor of the house? 
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Yes No 

G. Convenience. 

34. Are the rooms arranged so as to save steps? 

33. Does each person have a separate bedroom? 

36. Does each room have an independent exit? 

37. Are there enough closets in the house? 

38. Are the stairs safe and easy for old people and 
little children? 

H. Sanitation. 

39. Is the house clean? 

40. Are the dark places which make good breed¬ 
ing places for bacteria kept clean? 

41. Are the floors covered with removable rugs? 

42. Are the arrangements for storing food satis¬ 
factory? 

43. Are garbage, ashes, and waste disposed of 
regularly? 

44. Is the house far from places where flies or mos¬ 
quitoes may breed? 

45. Is the house well screened? 

I. Fire Protection. 

46. Is the house built of fireproof material? 

47. Is the roof covering fireproof? 

48. If you live in an apartment house, are fire 
escapes provided? 

49. Are there fire-extinguishers in the house? 

50. Do you know how to use one? 

Summary: 

I. Are your home conditions, in general, satisfactory or unsatis- 
■. factory? What is your score? 

2. Do your father and mother agree with your opinion about your 
home environment? 

3. What can you do to improve conditions? 

A. BUILDING PLANS AND CONSTRUCTION 

Problem 2: To observe a house while it is being built. (Pupils.) 

Directions: Visit a house in process of construction. Find out all you 
can about the following parts: 

1. The cellar. 

How is water drawn off? 

Is the floor level or slightly slanting? Why? 
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How is the cellar floor made? 

Are the walls ‘ 1 plumb " ? 

Of what material are the cellar walls made? 

Perhaps you find a layer of Portland cement on the oatside. 
What is its advantage? 

Perhaps the cellar walls are double. What is the advantage of 
such an arrangement? 

Perhaps you find wire mesh buried in the cement around the 
corners and below the sills of the house. Why is it UBed? 

2. The house walls. 

Of what materials are the walls built? 

In what order are the materials put together? 

What are the advantages of air spaces in the walls? 

If the house has wooden walls, find out 

a. How the studs or uprights are held firm. 

b. How far apart the studs are placed. 

c. What covers the studding on the outside. 

d. What covers the studding on the inside. 

3. The roof. 

How are the rafters supported? 

How far apart are the rafters? 

With what are the rafters covered? 

Is the roof covering fireproof? 

4. The partitions. 

How are the partitions supported? 

With what are the studs of partitions covered? 

How are the openings for doors and windows made? 

5. The floors. 

How are the beams or joists for the floors supported? 

How far apart are the beamB? 

How are the floor-boards attached to the beams? 

What kind of wood is used for the floor-boards? 

What is the advantage of a double floor? 

How are the ceilings made? 

What is the use of the space between the floor-boards and the 
ceiling below? 

Summary: Prepare an oral report for your English class on the way a 
house is built. 

Problem 3; To study house plans, and to determine their good and 
bad points. {Class.) 

Directions: Bring to class house plans taken from magazines. 

In deciding the good and bad points, some of the following questions 
may be used as tests. Would you suggest others? 
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X. Are the entrances convenient? 

2. Do the windows allow sufficient light? 

3. Is the kitchen well planned, of convenient size, and near to the 
dining-room? 

4. Is the living-room the pleasantest room in the house? 

5. Are the bathrooms conveniently placed? 

6. Are there plenty of closets? 

7. Are the stairs and doorways wide enough to admit trunks and 
average-size furniture? 

Question: Of all the plans examined, which would you prefer for your 
own house? State reasons. 

Problem 4 : Are the walls of my house “ plumb"P (Home.) 

Directions: Make a “plumb line" by attaching a weight to a cord. 

Try holding the cord in different positions. Where does the weight 
point? Why? 

Hold your plumb line near the walls of the room, near the tables, and 
other pieces of furniture, near the outside walls of the house, the piazza 
rail, etc. 

Can you find anything which is " out of plumb ” ? If so, can you find 
any causes? 

Conclusion: Is your house perfectly plumb? 

Choosing a house. Some day you may build a house. It is 
not too soon to decide some of the good points which you may 
wish to have in your house. Perhaps your family is to move 
before long. What points are you going to consider in choosing 
your new home? A home need not be costly to be convenient 
and home-like. Indeed, some of the costliest homes are the 
least attractive, 

A convenient house. In choosing a home think first of 
convenience. A house is the home-maker's workshop. The 
more easily her work is done, the more likely she is to be not a 
mere housekeeper, but a true home-maker. If your father 
and mother allow you to help choose a new home, think not 
only of the attractive outside appearance, but of the con¬ 
venience, especially for your mother. 

First, examine the kitchen. The kitchen is the heart of a 
home. If the food for the family is to be pure and clean, the 
place where it is prepared must be light and clean. It need 
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not be large, but it must have a good circulation of air. The 
fewer steps that are necessary between pantry or working 
cabinet, stove and sink, the more convenient the kitchen is. 

The bedrooms should have a good supply of fresh air and 
sunlight if possible. Sunlight is the greatest enemy of bacteria. 
Wall-space to allow a convenient arrangement of furniture, a 
light, cheerful wall-paper with few pictures or ornaments, and 
a good closet, ought to be looked for in a bedroom. 

The living-room is the place in the house where we really 
live. It should be the most attractive room in the house. 
Plenty of light, plenty of fresh air, plenty of warmth in the 
winter, plenty of comfortable places to sit, plenty of room for 
books and work — these are what it needs. Wall-space well 
arranged for furniture, floors easy to clean, not too many 
small articles to dust — these are points to be considered in 
looking for convenience for the home-maker. 

Stairs should be wide enough to allow furniture to be carried 
and not too steep for comfort. The bathroom should be easily 
accessible to all, and, above everything else, well ventilated. 
A servant’s room should be airy, light, and attractive. 

The problems of a city-dweller in choosing a house are, of 
course, somewhat different from those of a country-dweller. 
In an apartment house notice the arrangement of the air-shaft. 
See that windows are not directly opposite the windows of the 
next apartment. See if fire escapes are well placed and easy 
to reach. 

A safe house. The hazards of the house have increased in 
modern times, because of the use of gas and electricity as well 
as of' matches, gasoline, kerosene, and the like. 

1 One danger from electricity is that it may cause a shock to 
the human body. An electric current may be likened to the 
flow of water in a hose. The force which causes the water to 
flow is the water pressure in the reservoir, while that which 
causes the electric current to flow is the voltage, or electrical 
pressure, on,the wires entering the house. A leak in a hose 
allows water to escape. A faulty insulation, or protection, of 
the electric wire,.may allow the current to escape and cause 
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serious injury, even death. Shocks and bums are caused when 
a current passes through the body. Avoid touching, at the 
same time, an electric light and any other metallic object, such 
as a plumbing fixture, a radiator, or a telephone. 

Another danger from electricity is that fires may be caused 
by defective insulation. If the wire is unprotected, a spark 
may pass between it and some near-by material. Fires may 
also be caused by the overheating of electric devices like irons, 
toasters, etc. To prevent the passage of too large currents and 
the consequent overheating, fuses are used. (See figure 243, 
page 479.) A fuse is a part of the circuit which melts if the 
current is too great. For this reason to insert in the fuse 
socket a piece of metal to replace that which has melted be¬ 
cause of too large a current is most unwise. If this is done 
enough current might pass to cause the wires in the house to 
become red hot, burn the insulation off, and set fire to the house. 
Even if the wires are in metal conduits, to replace the wire from 
which the insulation has been burned would be very expensive. 

The dangers from gas are four: asphyxiation, burns, de¬ 
struction by fire, and explosions. Asphyxiation means smoth« 
ering. Smothering results from depriving the cells of the body 
,of their necessary oxygen. Illuminating gas contains one very 
dangerous substance, called carbon monoxide. When it enters 
the lungs it immediately finds its way to the little red corpus¬ 
cles, .which normally carry the oxygen. When loaded with 
this dangerous gas, they cannot carry the oxygen, and the cells 
are therefore unable to perform their work. A person soon be¬ 
comes unconscious and dies within a few minutes unless fresh 
air or oxygen can be given him, Artificial respiration is often 
necessary. (See page 78.) Never start an automobile engine 
nor leave the engine running in a closed garage. The exhaust 
contains carbon monoxide which, being odorless, gives no 
warning of its presence and unconsciousness comes very sud¬ 
denly. Illuminating gas which burns incompletely, as when 
it “flashes back," may also produce the deadly carbon monox¬ 
ide. "Coal gas" from kitchen ranges and furnaces may con¬ 
tain it. Unless gas is mixed with air, it cannot explode. If it is 



320 Protection — Homes and Clothing 

mixed in a certain proportion, and a flame or electric spark ia 
near, a dangerous explosion may result. Fires may result, not 
only from the direct flame, but also from an overheated condi- 
tion of near-by articles, such as wood, lath, and plaster. 

In choosing a new home make sure that the wiring is safe, 
that gas fixtures do not leak, and that matches, kerosene, and 
gasoline can be kept in safe places. Examine your own home 
to find whether you can reduce in any way the danger from fire. 

How a house is built — the foundations. A house begins 
with its foundations. Never lease a house without looking at 
the cellar. Two requirements for a cellar are: it must be dry, 
and the foundation must be strong. Dampness in the cellar 
causes mold to grow on food kept there, and worse still, may 
cause disease. Even if you are selecting an apartment, look 
at the cellar before deciding on it. 

The cellar floor should not be perfectly level, but should 
slant to allow water to run off through a drain. The floor 
should be made of a mixture of sand, broken stone, and 
cement, with Portland cement laid over it and made smooth, 
Portland cement and sand are the best materials for a cellar. 
The rocks from which Portland cement is made are found in 
many places. It may be made by heating together limestone, 
day, and sand in the right proportions, and grinding the 
" clinker" thus formed to a dust, When it is mixed with water 
a chemical action takes place which makes a hard rock-like 
mass, even under water. 

In order to be strong enough to support the rest of the house 
and to prevent settling and cracking of walls, the cellar walls 
must remain plumb. A plumb line is a cord with a weight hang¬ 
ing from it. The attraction of the earth pulls the weight 
downwards. (See page 308.) A plumb line points directly 
toward the center of the earth, The stability of the foundation 
can be insured by making a footing of stone or cement at the 
time of building. 

The house walls. A house must give protection from the 
cold of winter and from the greatest heat of summer. The 
walls must not readily conduct the heat out of the house in 
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winter, or into the house in. summer. One of the best non¬ 
conductors of heat is air at rest. Some walls are therefore 
made double, with a space for air. The inner walls are usually 
covered with plaster. For the same reason double windows 
are sometimes used in winter. 

Plaster is also useful in furnishing a smooth surface on which 
to place wall-paper, and in absorbing sound. It may be 
fastened to wood laths, metal laths, concrete, tile, brick, or 
plaster board. Usually there are three coats: a scratch coat, 
a brown coat, and a finish coat. The latter is what we see on a 
finished wall. It is made of lime and plaster of Paris, made 
into a paste with water. The plaster of Paris combines with 
the water and forms a hard coating. 

The floors. Wood is the usual material for floors. Hard¬ 
wood floors are usually waxed or varnished, while softwood 
floors may be painted or covered with linoleum. For the 
kitchen, linoleum is especially satisfactory. The wood for floors 
should be well seasoned to prevent warping and should be 
double, so that the floor may act as a heat and sound absorber. 

The roof. One of the most important parts of the house is 
its roof. It should be waterproof, fireproof, durable, and a 
poor conductor of heat. 

Shingles are commonly used on slanting roofs. Cedar 
shingles are desirable because they do not decay quickly. 
Shingles are sometimes treated with liquid asphalt to make 
them more durable and waterproof. 

Felt, saturated with tar or with asphalt, is used on many 
houses, and is usually covered with a layer of pitch or asphalt 
and a layer of crushed slate. 

A fireproof shingle which has come into general use is 
moulded under pressure from asbestos and Portland cement. 
Such a roof is durable and permanent. 

Tiling is a beautiful roofing for concrete^or stucco houses, 
but it is expensive and very heavy. 

Slate roofs are durable, fireproof, and after they are once 
installed, inexpensive to keep in repair. Modern vari-colored 
slate roofs are very attractive. 
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B. MATERIALS USED IN BUILDING OUR HOUSES 

Problem^' Why do bricks crumble? (Class.) 

Directions: Procure several bricks of different kinds. Be sure that they 
are dry. 

Weigh each brick. 

Place them in a large kettle of water. What passes from the brick 
into the water? Why? 

Heat the water, Explain any changes that you see. 

Finally boil the water ten minutes. Let it cool to ram temperature. 
Weigh each brick again. 

Calculate the percentage of water absorption in each brick. 
Conclusion: How do bricks absorb water? 

Question: If the water should freeze in the pores of the brick, what result 
would you expect? If possible, try the experiment. 

Problem 6: To make a concrete slab. (Pupils.) 

Directions: Each pupil should provide himself with a small wooden box. 
Enough concrete for the class can be mixed in a large wooden box or on 
the basement floor. 

To make concrete, use Portland cement, I part; pebbles, 2 parts; and 
sand, 3 parts. The sand must be sharp and clean. M ix the cement and 
the sand together until no cement can be seen. Then mix the pebbles 
with it. Into a hollow in the center of the mass pour water, and mil 
rapidly until the whole mass is of the consistency of mud. 

Fill your small box with a layer about one inch thick, and set it away 
to harden. Watch it from time to time. When the concrete is hard, 
remove it from the box. 

Question: In what respect does the method used in this experiment re¬ 
semble the method used in making a concrete building? 

Problem 7: To make plaster. (Class or Pupils.) 

Directions: Mix plaster of Paris with enough water to make a thick mud. 
Is there any sign of chemical action, such as heating? 

Pour the mud into a mold and set it aside. A good mold is a tin tray. 
You may place in the bottom of the mold an attractive picture, face 
down. 

Examine the mold the next day. What is the condition of the plas¬ 
ter? 

When it is completely set, remove it from the mold. 

(Note: Pictures of famous scientists may be mounted in this way 
to hang on the schoolroom wall,) 

Question: Why do barrels which contain lime sometimes burst? 



Materials Used in Building Our Houses 323 

Problem 8: To compare building stones. (Pupils.) 

Directions: Procure pieces of granite, sandstone, limestone, and marble. 

On each stone drop a little acid. Which show signs of a chemical 
action? 

Hit each stone with a hammer. Which seems the hardest? 

Scratch each stone with a knife blade. Which would wear away most 
quickly where there is friction? 

Weigh each stone dry. Soak them in water some time, and weigh 
again. Which has absorbed the largest percentage of water? Which is 
most porous? Which would allow water to freeze in its pores and cause 
crumbling? 

Find out the cost of each kind of stone. 

Summary: Sum up the advantages and disadvantages that you have 
found for each stone, as a building material. 

Problem 9: What roofing materials are fireproof? (Class.) 

Directions: Procure samples of various materials used for roofing, such 
as shingles, asbestos roofing, asphalt shingles, tar paper, etc. 

Try to set fire to the materials with a match. Try holding them 
in a Bunsen flame. 

Summary: Keep your record on a copy of this table: 


MATERIAL 

EFFECT OF MATCH 

EFFECT OF BUNSEN FLAME 





Question: Which is the most fireproof roofing material you tested? 


A brick bouse. Street after street in some cities is lined with 
a double row of brick houses, nearly alike. Brick is a very 
common material for a house. 

Bricks are made of clay or of powdered shale. (See page 
170.) Three ways of making them are in common use. The 
first and simplest way is to press the soft wet clay into wooden 
molds by hand or by machine and then to burn them in.a kiln. 
Houses built of these soft-clay bricks were used in the Middle 
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Ages, The colonial houses of Virginia were built of them, 

A second kind of brick is the dry-pressed brick. This« 
made by grinding the clay into a moist powder and shaping it. 
by powerful presses, then drying and firing. The bricks so 
made are perfectly shaped and very compact. They are 
either red or yellow, according to the kind of day used, They 
are too smooth and regular to be attractive for use in the most 
expensive houses, but are widely used for schools, office build- 
, ings, and apartment houses. 

The most beautiful bricks are made by the stiff-clay process. 
Stiff clay is forced through a machine much like a large meat 
grinder. Out of it comes a band of clay the width and thick¬ 
ness of a brick. By wires stretched between the two sides of 
a frame the long band is cut into lengths to make bricks. Then 
they are dried and fired, as every brick must be. Variation in 
natural color from bronze to red and almost to black, or from 
. buff to golden brown, adds to the beauty of these bricks. 

The saying, "Bricks without straw," refers to the bricb 
made by the ancient Hebrews in the land of Egypt, thousands 
of years ago. Then straw was used to hold the clay together. 
Nowadays all bricks are bricks without straw. 

Some bricks are liable to crack and crumble after a severe 
winter. The little spaces between the particles of clay are 
usually filled with air. Water may penetrate the brick in 
winter storms, and freeze to ice within the bricks. The expan¬ 
sion to ice breaks the brick and the outside layer scales off. 

Brick houses are warm in winter and cool in summer because 
the bricks are porous. The air in the pores is a better non¬ 
conductor of heat than the clay. Bricks are practically fire¬ 
proof in themselves, but when built around a wooden frame 
they will fall off and allow the house to collapse as the wood 
burns. 

Concrete construction. Portland cement is used, mixed 
with gravel, crushed stone, and water, to make concrete, The 
mass becomes as hard as a stone. It is easy to handle as a 
building material, Wet concrete is poured into a rough mold 
made of boards, which are removed as soon as the concrete has 
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“Bet.” Reinforced concrete is made by embedding metal rodB 
or wire mesh in the concrete. It is used very widely in con¬ 
structing great office 
buildings, apartment 
houses, and roads, 

Many convenient 1 
devicesabouta home 
and farm may be 
easily made of con* 
arete. A mixture 
which is too "rich” 
has so much cement 
that it cracks. A 
" lean ” mixture with 
a larger proportion 
of sand is more po¬ 
rous and does not 
crack so readily. If 

tno lean however it Fi S- 1 4 6 - Reenforced concrete bridge, 
too lean, nowever, it Pasadena, California 

may crumble. Some idea of the height and length of the 

A house of Stucco, bridge is gained by comparison with the orange 

A popular finish for trees under the bndge ' 
houses is stucco, which is a plaster applied to the outside of a 
house. It is usually laid on a wooden frame and held in place 
by wood or metal laths. The surface is usually left rough, since 
a rough surface is less liable to show cracks. The advantages of 
stucco are that it gives warmth, is attractive in appearance, and 
saves money, since no painting is necessary. One of the dis¬ 
advantages is that the plaster is apt to crack as the house settles. 

Building stones. In your study of rocks you have learned 
that there are three great divisions. (See page 169.) Each 
of these divisions furnishes one or more common building 
stones. 

Granite, formed by the action of heat, is a very hard rock. 
It is so compact that water cannot enter it easily, 60 it does not 
crumble by the action, of frost. None of the materials com¬ 
posing it dissolves easily in water, so the rain does not weather, 
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it quickly. Neither does it break because of the changes oi 
temperature between hot days and coid nights. No load is 
heavy enough to cause it to crush. Granite is therefore a most 
durable building stone, but it is too expensive for common use. 

Two sedimentary rocks are used for buildings. Sandstone 
consists of grains of sand cemented together. If iron is present 
in the cement, the sandstone is red. Most sandstones are 
porous and soft. They are apt, therefore, to crumble from the. 
action of heat and cold, and from water getting into the pores 
and freezing. It is often used for trimming brick houses. 

Limestone is another sedimentary rock used for buildings;.;' 
It is made of tiny shells and bones. (See page 170.) Lime¬ 
stone is compact and strong enough to bear any load without ;, 
bending. Some limestones such as that used in a number of 
the great French cathedrals, is so soft when first quarriea that 
it can be cut by two-man saws. With weathering it increases 
in hardness so that it will last for centuries. See what you can. 
find about such cathedrals as Rheims and Chartres in France 
and Cologne in Germany. 



Fig. 147. A marble quarry in Vermont {Keystone) 
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The metamorphic rock used for building is marble, the most 
beautiful of all. Its composition is like that of limestone and 
it behaves much the same when exposed to the weather. It is 
soft enough to be worn rather quickly, as may be seen in the 
case of marble steps. Yet it is so attractive in its gleaming 
whiteness that for the costliest of buildings, as for our National 
Capitol, we use this queen of building stones. 

Structural steel. In large buildings, such as apartment 
houses and office buildings, the framework is usually made of 
steel, which is an alloy of iron and carbon, about 1.5 per cent 
being carbon, Steel also contains a little sulphur, phosphorus, 
manganese, and silicon, and sometimes other elements. 

In the making of steel two main processes are employed. 
In the first the iron ore is 
removed from the ore. This 
is done in a blast furnace. 

(See figure 148.) The iron 
ore, coke, and limestone are 
put into the furnace. The 
coke is burned, the heat re¬ 
ducing the ore to molten 
iron, while the limestone 
forms compounds with the 
impurities which are drawn 
off as slag. The second pro¬ 
cess changes the iron to steel. 

In a Bessemer converter 
(see figure 149), air is forced 
up through the molten 
iron, and the impurities are 
burned out. The gaseous 
impurities pass out through 
the hole at the top of the 
converter while the solid ones form a slag which floats, and 
is drawn off. Carbon and various metals dependent on the 
use to which the steel is to be put are added, and the molten 
mixture is run into molds. Thus tungsten steel, nickel steel, 


ORE, COKE AND 
LIMESTONEARE 
DUMPED INTO 
FURNACE HERE 


COKE,LIME- 
STONE AND 
IRON ORE 



Fig. 148. The operation of a 
blast furnace 
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aluminum steel, etc,, are produced, 



Air, forced in at the bottom passes up 
through molten iron. Compare with the 
illustration facing page 52. 


Make a report on the 
uses of these steels. 
An improvement of 
the Bessemer process 
known as the open- 
hearth process is more 
commonly used now. 

Thisprocesstakesmuch 

more time but the pro¬ 
duct is more uniform. 

Modern structural 
steel has made possible 
the many-storied build¬ 
ings of our large cities, 
for example, the sixty- 
eight-story Chrysler 
Building in New York 
City. Steel has made 
possible huge bridges 
such as the Forth Bridge 
in Scotland which is 
over 8000 feet long with 


a.main span of over 1700 feet, and the Delaware River Bridge 
at Philadelphia and Camden of slightly larger dimensions. 
Still greater buildings and bridges are being constructed or 
planned. The Hudson River Bridge has a span of 3500 feet, 
the longest in the world, Plans are being drawn for a bridge 
across San Francisco Bay to have a span of 4000 feet. 

One of the problems which had to be met in planning tall 
buildings was that of getting the thousands of people who use 
them in and out. The higher the building the more elevators 
are needed, or the faster the elevators have to run. With a 


large number of elevators the office space might be cut down 
to a point,where the building would not bring a profit on 
the money invested. To meet this problem the speed of the 
elevators has been increased. The Chrysler Building has 
elevators which reach a speed of about twelve miles an hour,.. 
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Jig. iso. The Los Angeles City Hall in process of 
construction showing the structural steel. 
(Los Angeles Chamber of Commerce.) 


The power elevator was invented by Elisha G. Otis in 1852. 
He also invented safety devices to keep the elevator from 
falling if the supporting cables broke. The modem elevator is 
powered by electric motors. Some are controlled by operators 
while others, particularly those in use-in apartment houses and 
large residences, are controlled by the passenger. n * 
buttons labeled with the floor numbers are on a panel in the 
elevator. The passenger enters the elevator, closes the door 
and presses the button labeled with the number of the floor 
to which he wishes to ascend or descend. The pressure of the 
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button sets in operation an electric motor which raises or 
lowers the elevator to the floor desired where it automatically 
stops, 

By studying figure 150 you can see how the framework o{ 
steel is first constructed, and then covered with stone, brick, 
or concrete. Can you observe some of the steps in construc¬ 
tion of an actual building? 

In buildings of this type, the steel framework is held 
together with reinforced concrete supporting posts and floors 
of the same material. The many steel beams necessary are 
permanently fastened together either with rivets or by weld¬ 
ing. The resulting structure is the strongest known. Build* 
ings with steel frames, even very tall ones, have passed 
through earthquakes and conflagrations without serious in¬ 
jury. For example, a recent earthquake in Japan leveled 
other buildings, but the steel sky scrapers stood. All large 
buildings in cities nowadays are constructed with steel frame¬ 
works. Wood, however, is still used in single residences. 

C. WOOD AS A BUILDING MATERIAL 

Problem 10: Where does growth take place in a tree? {Pupils.) 

Directions: Procure the end of a small branch from a tree. Maple, oak, 
horse-chestnut, or ash is good, 

Find out how many inches grew last season by tracing the growth 
back from the tip to a ring around the twig, the ring of growth. 

Can you find any other rings of growth on the twig? 

Can you find out how old the twig is? Where is the oldest part? 

Now make a clean cut across the branch in its oldest part. How 
many rings can you see in the wood? 

How does the number of rings in the wood compare with the age of 
the branch?. 

Which layer of wood is the oldest;? Which was formed last? 
Conclusions: 

1, How long does it take most trees to grow a new ring of wood! 

2. Where is the new wood in a tree? 

■Questions: 

1. Do all trees grow the same amount in a season? 

2. A tree which was cut down was found to contain 149 rings of 
wood. How long had it been growing? 
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Problem n: To study the structure of wood. {Pupils.) 

Directions: Examine a cross-section of wood at least an inch in diameter. 

Make a careful drawing of 
the cross-section, labeling care¬ 
fully all the following parts 
which you can distinguish: 

Annual rings of wood. 

Ducts for carrying water. 

Green layer of bark. 

Corky layer of bark. 

Epidermis or skin of the 
bark. 

{Note: Two layers you 
probably cannot see. Be¬ 
tween the wood and the bark 
is a layer of rapidly growing 
cells called the cambium or 
growing layer. This layer 
forms wood cells from the 
inner surface, and bark from 
its outer surface. The ring 
of new wood is thus formed 
1 outside the old wood. 

The inner layer of bark 
consists of tube-like cells 
which carry the food from 
the leaves towards the roots. 

It is called the bast layer.) 

Conclusions: 

1. How many growing seasons are needed to form a ring of wood? 

2. Where is the new wood formed? 

3. Does the bark increase in thickness as fast as the wood? 

Problem 12: How is wood cut? {Pupils.) 

{Note: The best material for problem 12 is Hough’s Wood Sections 
which are sold by Romeyn B. Hough, Lowville, New York.) 

Directions: Examine pieces of wood showing the three methods of cut¬ 
ting — cross-section, radial section, and tangential section. 

■ In each section locate — 

Annual rings, 

Ducts or "water-pipes." . 

Closely packed wood cells. 



Fig. 151. The structure of hardwood 
Showing the appearance of the cross- 
section and of the lengthwise or radial 
section. B, bark; S, sapwood; H, heart- 
wood; ar, annual rings; mr, medullary 
rays. 
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(In some wood, such as oak, you may see medullary rays , consist¬ 
ing of narrow radiating lines of tightly packed cells.) 

Can you see any difference between the hearlmod and the sapwooi} 
Which is older? 

Can you find out what causes a knot in the wood? 

Examine your desk, the teacher's desk, the floor, the door, and any 
other wood at hand and decide how it was cut. 

Conclusions: 

x. How is most wood cut? 

a. Which method of cutting produces the. most attractive grain? 

Problem 13: To compare hardwoods and softwoods . 

Directions: 

Part 1: (Class.) Collect leafy twigs from as many trees as possible, 
including the evergreen trees. 

Arrange two collections, In one, place all the twigs with needle- 
shaped or small scale-like leaveB. These are all from softwood trees. 
In the other collection place all the twigs, the leaves of which are not 
needle-shaped or scale-like. These are the broad-leaved or hardwood 
trees. 


Optional ^Find out from the teacher or from a key the kind of tree from 
which each twig was taken. List in a table in your notebook the trees 
which you determine. Do not write in this book. 


SOFTWOOD TREES 

HARDWOOD TREES 




Part 2: (Pupils.) Examine the cut ends of the softwood twigs. Can 
you see the annual rings? Can you sec any ducts or pores? 

Examine the cut ends of the hardwood twigs. Are the ducts present? 
Summary; 

X. What are the differences in the leaves of softwood and hardwood 
trees? 

2. What are the differences in the structure of the wood? 

Problem 14: To determine the uses of different kinds of wood in 
our houses. (Home.) 

Directions: From consultation with carpenters and a study of reference 
books find out the uses of as many kinds of wood as possible. Keep your,;? 
record of results on a copy of this table: 
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WOODS USED FOB 


House Umbers 

Shingles 

Clapboards 

Walls 





Doors 

Woodwork 

Furniture 

Floors 


< 




Indicate which are hardwoods and which are softwoods. 

Question: If the wood is to be covered by paint, plaster, etc., is a hard¬ 
wood or a softwood more commonly used? 


Wood from living trees. Wood is different from all other 
building materials because it is the product of life. It is an 
organic substance, composed of cells. (See page 68.) Many 
of the advantages of wood are due to the cells. These are 
tiny, hollow tubes, usually closed at the end. They last for 
years after the protoplasm which made them is dead. The 
empty cells act as air spaces and prevent the passage of heat 
and sound. Because wood is porous, preservatives can be 
forced into the cells, and paint will cling to its surface. 

The grain of wood. Wood is beautiful because of its grain. 
Perhaps, even though you have tried the problems on page 331, 
you do not fully understand what causes the grain. Trees that 
grow in temperate climates grow faster in the spring of the 
year than in the summer. The cells in the spring wood are 
usually larger than those in the summer wood. No growth at 
all takes place in the winter. We can see, therefore, in our 
native trees a distinct annual ring for each year’s growth. 

If the tree is cut across the grain we can see each year's 
growth as a real ring. The oldest wood is in the center of the 
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tree) in the heartwood. The newest ring is next to the bark 
in the sapwood, for the layer between the bark and the wood 
is the growing layer of the tree. 

In order to show the grain to best advantage in the oak, the 
sycamore, and a few other kinds of wood, it is necessary that 
the lumber be “quarter-sawed," or sawed at right angles to 
the annual rings. It is the cross fibers of the medullary rays 
that give the beautiful appearance to the “quartered" oak 
The figure in bird's-eye maple is caused by the slight irregu- 
'arities in the annual rings. 

Hardwoods and softwoods. The woods commonly used an 
divided into two large classes: the hardwoods, or woods from 
broad-leaved trees; and the softwoods, which are woods from 
trees with needle-like or scale-like leaves. The latter have 
their seeds in cones, and are therefore sometimes called conifers 
(cone-bearers). In climates where the winter is severe, the 
hardwoods all drop their leaves in the winter, while the softwoods 
are evergreen, with the exception of the tamarack. 

It is unfortunate that the terms hardwood and softwood are 
used, because some so-called softwoods, as yellow pine and 
tamarack, are considerably harder than many hardwoods; and 
some so-called hardwoods, as cottonwood and basswood, are 
almost as soft as any softwood. The real difference is a differ¬ 
ence in cell-structure. All hardwoods have ducts or water- 
pipes, which are cells with open ends that form tubes extending 
all the way up the tree-trunk. These cells are much large; 
than the cells .of the wood fibers, and show plainly in the grain 
of some wood, as oak, chestnut, and walnut. 

Softwoods have no ducts for carrying water. Water passes by 
osmosis (see page 271) through the walls of the long, narrow, 
pointed cells, and so reaches the leaves. Some softwoods have 
tubes to carry resin, or pitch, which substances cause them to 
bum with a bright flame. 

Why wood differs in value for building purposes. All wood 
is not equally, valuable. In house-building one thing to con¬ 
sider is the amount of moisture in the wood. Green lumber 
may contain water equal to two thirds its total weight. Wood 
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is seasoned to allow the water to evaporate. Lumber may be 
dried by stacking it so as to expose it to the air for a year or 
more, or it may be placed in a dry kiln for a few weeks. 
Wood to be used inside of houses 
should contain from five to eight 
per cent of moisture. If the wood 
is drier it will swell by absorbing 
moisture from the atmosphere, 
thereby causing floors to bulge and 
doors to stick; and if it contains 
more moisture, it will dry out and 
crack as 60on as the rooms are 
heated. Wood to be used for in¬ 
terior finish should therefore al- Fig . IS2 . The structure 
ways be kiln-dried because the of softwood 

amount of water can in that Way A view of sugar pine as seen 
. „ through a microscope. Find 

be controlled. _ . ' portions of two annual rings, 

Another factor which influences with large cells or trackeids in 

the value of wood i S If vmgH. 

Usually heavy woods are stronger Two special tubes for carry- 

and harder than light woods. Very 

light or very heavy wood should carrying water. 

not be chosen for furniture. 

The conductivity of wood is important. Wood conducts or 
carries heat much more slowly than metals or stone because of 
the air in the cells. Therefore it is used for handles on dishes 
and pans, for refrigerator walls, for fireless cookers, and for the 
floors and walls of the house itself. It is interesting to know 
that wood conducts heat twice as fast with the grain as across 
it. Sound is conducted along the fiber fairly well, but only 
about a third as fast across the grain. 

The presence of knots detracts from, the value of wood. A 
knot is caused by a branch leaving the stem. 

The cost of wood depends partly upon the ease with which 
it is obtained from the forests and the distance to market. 

The durability of wood depends upon its resistance to the 
bacteria of decay. Wood does not decay if perfectly dry, 
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because bacteria need moisture for growth. Strangely enough 
neither does wood readily decay under water. When the 
frigate Constitution was rebuilt, a quantity of oak timber was 
used which had for many years been stored under water. It 
was perfectly sound, The reason is that when the wood be¬ 
comes “water-logged" the cells are filled with water instead of 
air. Since the bacteria of decay cannot live without air, the 
wood is preserved. The heartwood is more durable than sap- 
wood. From a study of the table what woods would you ad¬ 
vise for posts? for shingles? 

Relative durability of common woods (for outdoor exposure), 


CONIFERS 


Very durable 

Durable 




Fir 

Hemlock 

Spruce 

EH'--: 

Tamarack 

Other pines 


Pine, longleaf 

Pine, eastern white 




HARDWOODS 


Very durable 

Durable 

Intermediate 

Non-diirable 

Chestnut 

Cherry 

Ash 

Basswood 

Black walnut 

White oaks 

Butternut 

Beech 

Black locust 


Bed gum 
Poplar 

Red oaks 

Birch 

Buckeye 
Cottonwood 
White elm 
Maples 
Sycamore 
Cotton gum 
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REVIEW OUTLINE 

A. Building plans and construction 

x. What to consider in choosing a house 

a, Convenience 

b. Safety 

2. How a house is built 

a. The foundations 

b. The house walls 

c. The floors 

d. The roof 

B. Materials used in building our houses 

I. Advantages and disadvantages of 

а. Brick 

б. Concrete 

c. Stucco 

d. Building stone 

(1) Granite 

(2) Sandstone 

(3) Limestone 

(4) Marble 

e. Steel 

(1) How steel is made 

(2) Tall buildings of structural steel 

(a) Elevators 

C. Wood as a building material 

1. How wood grows 

a. Advantages due to ceil structure 

b. The grain of wood 

2. Some differences in wood 

a. Hardwoods and softwoods 

b. Why wood differs in value for building purposes 

c. Relative durability 

INDIVIDUAL PROJECTS 

Working projects: 

1. Clean the schoolyard. 

2. Clean the yard at home. 

3. Whitewash a cellar. 

Find out from a mason or from your father how to mixthfe white' 
wash. 

4. Make a useful article of concrete. 

Send for directions concerning the use of concrete. 

5. Make a collection of pictures of historic houses. 

This project may be related to the history work. A number of 
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pictures, carefully mounted, would be a good addition to the history 
department equipment. 

6. Make a collection of woods. 

Obtain pieces of different kinds of wood; saw and plane them all 
the same size; insert in one end a screw eye for hanging; and label 
each. 

7. Make a collection of leaves from softwood and hardwood trees, and 
classify them. Each leaf should be pressed, mounted, and labeled. 
Another way would be to make blue-prints of the leaves, as di¬ 
rected on page 281. 

8. Make plaster mounts of pictures relating to scientific subjects. 

See directions on page 322. Good subjects would be airplanes, 
automobiles, engines, great scientists, etc. When completed, hang 
them on the walls of the schoolroom. 

9. Mend holes in plaster walls at home. 

Reports: 

1. Materials used in our schoolhouse. 

Make a thorough investigation of the building to find all the 
materials used. Find out all you can about each material, and 
explain to the class. 

2. What the public buildings of our town or neighborhood are made of. 

Visit and inspect each building. If possible, get photographs to 
show your classmates. Any facts as to the age of the buildings, 
their cost, etc., will add to the value of your report. Two or three 
boys may work on this project. 

3. A visit to a brickyard. 

Two or more pupils would find such a visit instructive, if there is 
a brickyard in the locality. Explain the process of brick-making to 
the class. 

4. Report from observation how cement and concrete are mixed and 
used. 

5. Watch the construction of a steel building. Report to the class 
what you have learned. 

ReportB from reading: 

Examine the following list of books. If you wish to look up any of 
the subjects suggested there, consult your teacher. 


BOOKS THAT WILL HELP YOU 

Asia. N. B. Allen. Ginn. 

“India, the Land and the People." 

Avoidance of Fires. A. D. Weeks. Heath. 

Diggers in the Earth. E. M. Tappan. Houghton. 

"Down in the Quarries." "Houses of Sand" (pp. 21-30). "Bricks." 
Home Life aroundthe World. Mirick and Holmes. Houghton. 

A children’s reader, containing accounts of how homes are made, 
Home Life in Colonial Days, A, M. Earle. Macmillan. 



339 


Books That Will Help You 

Hun) Ik World ts Soused, F. G. Carpenter, American, 
uMft Triumph, E. M. Taman, Editor. Houghton, 
"Engineering in the New York Subway." 

Sm mts on Some Antrim Industries. J. C, Mills, McClure. 
"Lumber," (pp. Hty 

Shelter and Clothing, Kinnc and Cooley. Macmillan. 

Tk Story of Engineering in America, C. Fraser. Crowell. 

Tk Story of Iron and Steel, J. R. Smith. Appleton. 

Tk Story of Glass. S. W. Bassett. Penn. 

Tk Unm States, 1 , 0 . Winslow. Heath. 

"Building stones." 

M Engineers Do. W.D.Binger. Norton, 

n ...J LiauiALfill 


(JVWWW* ywnpg't""'" 

Farmers' Bulletins, U.S. Department of Agriculture: 

12, Uses of Commercial Woods of tk United States.- 173, p f i m 0 f 
Forestry, Part 1. - 358, Primer of Forestry, Part 2, -185, Beautifying 
tk Some Grounds. —461, The use of Concrete on the Farm. 

Bulletins of the U.S, Bureau of Forestry. A list of the publications may 
be obtained upon application, 1 

Circulars of the U.S. Bureau of Standards. 

70, Materials for the Household. An account of the common materials 
used in homes, Price 25 cents; free if obtained through Congressman, 
75 . Safety for tk Household, An account of the hazards in the home, 
with directions for care and treatment. 

Commercial pamphlets: 

Booklets published by the Portland Cement Association, in West 
Washington St,, Chicago: 

Concrete Fence Posts . - Concrete Block Garages.-How to Make and 
Use Concrete,-Concrete Feeding Floors, Barnyard Pavements and 

/i.„TT 7 .IL. if n.' /_1 /1. . . n ■ 



XIII 

LIGHTING OUR HOMES 

Light and Its uses. With the invention of glass came the 
greatest improvement in lighting buildings man has ever 
known. We, who live in houses which the sunlight can freely 
enter, cannot realize how dark and unhealthy the dw ell i n g 
of even the wealthiest were a few hundreds of years ago. The 
castles of the noblemen of the Middle Ages had stone walls with 
a few narrow slits to admit a little light. In this respect how 
much better off even poor people are to-day than the noblemen 
were then. Then, too, in the olden days, the ways of making 
1 artificial light were very limited. First of all there were can¬ 
dles and torches; then, many years later, lamps that burned 
different kinds of oil were invented. Afterward, illuminating 
gas was introduced, Each step forward seemed a great gain, 
but lights that were once considered very bright were actually 
exceedingly dim in comparison with the powerful electric lights 
that have been developed from Edison’s small beginnings. 

Our study of light will be considered in its relation to our 
homes. This will involve learning some of the fundamental 
natural laws relating to light. We shall include also an exami¬ 
nation into the different methods of producing artificial light, 
A still more important part of our study will treat of our 
dependence upon sunlight for good health and the wisdom of 
making provision for as much sunshine as possible to enter 
our homes. Naturally, also, we shall wish to learn something 
about the organ of sight, the eye; how to avoid eye-strain, 
and what to do if we discover that we are either near-sighted 
or far-sighted. We shall see that in structure and mode of 
working, there is great similarity between the eye and the 
camera, 

We shall find out how lenses are used in cameras; and 
this will lead to a study of moving pictures, including the 
“ talkies " — how they are made and how they are projected 
in'the theatres. 
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THE PROBLEMS 

A. On fundamental principles. 

1. To find out whether light travels in straight lines. 

2. How is light reflected? 

3. Where does a reflected image appear to be? 

4. How is a room lighted by diffused light? 

5. What is the principle of refraction? 

6. What are the colors in sunlight? 

B. On lenses — the camera and the human eye. 

7. To focus the sun's rays. 

8. To make a pinhole camera. 

9. How does sunlight print a picture? 

C. On ARTIFICIAL LIGHTS. 

10. How does a candle burn and give light? 

11. How does a kerosene lamp give light? 

12. How does a gas mantle increase the amount of light 

given by a gas flame? 

13. To read a gas meter. 

■ 14. What causes an incandescent bulb to give light? 

15. To read an electric meter. 

D. On the proper lighting of our homes. 

16. What is the relation between the amount of light 

and the distance from the source? 

17. To score the lighting of my home. 


A. FUNDAMENTAL PRINCIPLES 

Problem 1: To find out whether light seems to travel in straight 
lines. ( Class or Home.) 

Directions: Permit a ray of sunlight to enter a room which has been 
somewhat darkened. 

Questions: What do you observe about the direction taken by the ray of 
light? Does it bend or does it seem straight? 

Problem 2: How is light reflected? [Class.) 

Directions: Hang a large mirror on the schoolroom wall. Let one pupil 
state what other pupils he can s?e in the mirror. Which pupil seeuiP W 
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him to be in the center of the mirror? Let him draw an angle on the 
floor near the mirror, one line pointing towards his seat, and the 
a perpendicular line from the center of the mirror. 

Now let the pupil who seemed to be in the center of the mirror state 
whether he can see pupil no. r when,in his seat. If he can, let him draw 
xn arrow pointing from the center of the mirror to his own seat. 
Examine the angles thus made on the floor. Compare their Bizes. 
Let several other pupils try the same experiment. 


Problem 3: Where does a reflected image appear to be? (Pupils,) 

Directions: Lay a mirror on a table. Place an ink bottle, an open book, 
or other objects upon it. What is the appearance of the images? 

How far behind the mirror does the top of the ink bottle seem to be? 
the top of the book? 

Write your name on paper while looking in a mirror at the writing. 
What do you observe? 

Summary: State two rules as to the appearance of a reflected image. 


Problem 4: How is a room lighted by diffused light? 

Directions: 

Parti: What is diffused light? (Home.) 

Set a mirror upright on a table. Place a lighted candle in front of it, 
(If you can try this in a dark room, the results are more interesting.) 
Can you see the image of the candle? 

In place of the mirror use a piece of white cardboard. Can you see 
the image of the candle? 

Which is smoother, the mirror or the cardboard? Which seems to 
tight the room better? 

When a ray of light strikes anything which is not perfectly smooth, 
how is it reflected? Does a smooth surface or a rough surface scatter or 
diffuse the light more? 

Part 2: How is the schoolroom lighted by diffused light? (Class.) 

If the light is shining directly into the room, name the objects on 
which the direct rays fall, 

Follow the line of the beam of light to where it strikes the floor. 
Where does the reflected ray strike? Where is it reflected from there? 

Trace the reflection of several rays in the same way. 

If no direct rays shine into the room, look out of the window to see on 
what the sun is shining directly. How many of the objects that you 
see can send reflected rays into your room? Trace the reflection from 
object to object in the room. 
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If the surfaces on which the rays fall are rough, how'are the rays re¬ 
flected? 

Summary: Explain how the room is lighted by reflection and diffusion 

Problem 5: What is the principle of refraction? {Pupils.) 

Directions: Look at the goldfish in your aquarium from above. No'*, 
look at them through the glass. Do they appear different? Are they 
really different? 

Put a pencil in a glass of water. How does it appear? Can you hold 
the glass in such a way as to see two pencils, apparently? Are these ap¬ 
pearances caused by changes in the pencil or by the action of the light? 

Place a coin in the bottom of a deep, empty dish. Stand so you can 
just see the farther edge of the coin over the edge of the dish. Let an¬ 
other pupil pour water into the dish. What happens? 

Questions: 

1. In order for you to see the goldfish, through what substances must 

the rays of light pass when they are reflected from the goldfish’s 
body to your eyes? > 

2. Through what substances must the rays pass which are reflected 
from the pencil to your eyes? 

3. Through what substances must the rays pasB which are reflected 
from the coin to your eyes? Are all these substances equally dense 
or compact ? 

Summary: Sum up the necessary conditions for rays of light to be bent 
or refracted. 

Problem 6: What are the colors in sunlight? ( Home or Class.) 

Directions: Hold a piece of white paper in the direct sunlight. What is 
the color of the light which shines on the paper? 

Hold a glass prism in a beam of sunlight. What happens? How 
many colors can you distinguish? 

- With colored crayons draw the solar spectrum in your notebook. 
Conclusion: What colors are included in sunlight? 

Question: Can you explain the formation of the solar spectrum from 
what you know of refraction ? 

The source of light. The source of every kind of light is the 
energy received from the sun. The sun sends out its energy in 
the form of waves. Some are heat waves, some (the ultra¬ 
violet waves) have chemical effects. The ultra-violet waves 
cause sunburn, the fading of cloths and paints, and are very 
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valuable to the human body. All these waves travel at the 
same speed, 186,000 miles a second. The only difference is in 
the number of vibrations per second. Other waves somewhat 
like light waves are the waves that come from sun spots (see 
page 294) and X-rays. X-rays were discovered by Roentgen 
while experimenting with electric currents in vacuum tubes, 
X-ray6 as used by doctors and dentists are of great value to 
us. Can you find out in what wayB? 



How our houses are lighted by the sun. The sun might shine 
with great intensity on the outside of our houses, yet not a ray 
of light might enter. We have windows to admit the light. 
Any substance which allows light waves to pass through it and 
show the form of objects is transparent. Glass, air, and water 
are transparent. Wood, stone, brick, and plaster are opaque) 
they do not allow light waves to enter. If you can see light 
through a substance, but cannot easily distinguish objects 
through it, the substance is translucent. Ground glass, fog, and 
light-colored window shades are translucent. 

Reflected light. Perhaps the sun never shines directly into 
the north rooms of your house, yet they are not dark. When 
light waves strike an object, three things may happen to them. 
They may be absorbed by the object; they may be transmitted, or 
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pass through; or they may be turned back, or reflected,. When 
the light waves strike a pane of window glass, all three things 
happen. The glass may become somewhat warm to the touch, 
because when the rays are absorbed some of the light energy is 
transformed to heat energy. Light shines into the room, be¬ 
cause glass transmits the waves. Some light waves are re¬ 
flected; perhaps you have noticed a house with its windows 
lighted by the reflected rays of the setting sun. 

In the case of the north windows of your house, the direct 
rays of the sun never reach them. Yet light is admitted. This 
is because light is reflected from some objects outside the 
window. Why do photograph galleries usually have north 
windows? 



Fig. 154. The angle of reflection is equal to the angle of 
incidence 

This is a bad reading position because the bright light is reflected directly 
into the boy's eyes. When reading, one should have the light fall over one 
shoulder or the other; when writing, over the left shoulder. Why? 

As you know from observing shadows, light seems to travel in 
straight lines. It cannot turn a corner. It can, however, be re¬ 
flected at an angle, If you drive a tennis ball obliquely against 
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a wall, It will not return toward your racquet, but will be re¬ 
flected at an angle. In somewhat the same way light rays are 
reflected. We call the angle at which the light strikes the sur¬ 
face the angle of incidence. The angle of reflection is equal to 
the angle of incidence. Study figure 154 to understand what 
this statement means, 

Reflection from minors. Reflection takes place from almost 
all surfaces, either rough or smooth. But the smoother the 

surface, the clearer 
the image is. By 
“image" we mean 
the picture that we 
see of the real ob¬ 
ject. A baby can¬ 
not at first distin¬ 
guish between an 
image and a real 
thing. You, how¬ 
ever, can under¬ 
stand that you see 
an image of your¬ 
self in a mirror or 
other shiny sur¬ 
face, because rays 
which started from 
the sun or some 

Kg. 155. A comparison of objects ? ther lumin ° us '° b ' 

and Heir Images J ect are reflected 

I Notice that in the image the handle of the can- from surface to 
k^turned away. t0Wards ^ ou ' while 011 the object surface untU tky 

strike your body! 

then they are reflected from your body to the mirror, and 
back again to your eyes. 

Two laws of reflection are that an image appears to be as fat 
behind a mirror as the object is in front of it; and that the image is 
reversed. For example, when you look in a mirror, your right 
fend appears to be the left hand of the image, 
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Diffused light. Diffused light is scattered light. Light rays 
may be scattered or spread in all directions for two reasons; be¬ 
cause they are reflected in many different directions, or because 
they pass through translucent substances. Let us consider the 
first case. When several rays of light from one source strike a 
perfectly smooth surface, like a mirror or a clear pool of still 
water, they are practically all reflected in the same direction,, 
(See problem 4.) We can see, therefore, a distinct image of the 
object from which the rays came. If the rays of light strike a 
rough surface, like a rough plaster wall, each ray is reflected in 
a slightly different direction. We cannot see any distinct im¬ 
age, but the rays are so scattered as to light up the entire 
room. Our rooms would be very 


poorly lighted if it were not for 
the reflection of diffused light 
through the windows and from 
the walls. 

Reflection of light prevents 
the shade of trees and houses 
from being very dark. On cloudy 
days the light of the sun is re¬ 
flected from one tiny drop of 
moisture in thedpudsto another, 
until it finally is sent to the 
earth. The reflection from very 
small dust particles in the air 
gives the sky its blue color. 

Refracted light. We have 
found that light travels in 
straight lines, that it cannot turn 
a corner, but that it can be re¬ 
flected, or turned back. Now 
we shall find that a ray of light 



Fig. 156. Refracted light 
causes the pencil to appear to 
be bent 

The pencil CB appears to be at 
AB. . The light from the point C 
follows the path CD to the eye. 
But since objects appear to us to, 
be in the direction from which their I 
light enters our eyes, the point C | 
apparently sends light to the eye \ 
along the straight line AD. Note 
that the depth of the water appears 
less than it really is. 


can be bent, or refracted. 

If you were riding in a hydro-aeroplane, you would start by 
skimming through the water, then you would rise into the air, 
and fly even faster. At the end of your flight you would take to 
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the water again, and your speed would slow down. In some, 
what the same way a ray of light may pass through water or 

glass. When it leaves the air to enter 
the water or the glass, its speed Blows 
down. I f it enters them at an angle, 
the ray is bent aside, because it 
meets with greater resistance in the 
denser substances. 

We are all familiar with some of 
the peculiar results of this bending 
aside of the rays. An object in a 
cylindrical jar of water is magnified. 
Fig, 157. A lens for an A fish that you can see nibbling 
automobile headUght f j ja j t > g deeper water 

by refraction that the light than you would think. What other 

falls on the road in front of the examples of refraction can you men- 
car, ( Macbeth Evans Co.) . J 

tion? 

The colors in sunlight. The rainbow is a result of refraction 
of the sun’s rays. ■ Sunlight, while apparently white, is really 
composed of seven colors, the spectrum colore — red, orange, 




G/asaPHsm 


Fig. 158. Refraction of light by a glass prism 
The colors in sunlight are here separated to form a Bpectrum. The 
short waves of light are bent more than the long red waves and thus the 
beam of sunlight is broken up into the various wave lengths composing 
it. 
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yellow, green, blue, indigo, and violet. The waves of all these 
colors are of different lengths. The red waves are longest, the 
orange next longest, then yellow, green, blue, indigo, and violet, 
which are the shortest light waves. When the waves enter a 
denser substance, as when they pass from the air into a glass 
prism, the shortest waves are bent aside the most, the next 
shortest the next, and so on. So the different rays are'sepa¬ 
rated to form a spectrum. In the case of the rainbow, the rays 
of light enter a drop of water, and when they leave it again are 
separated and show the different colors. 

Why anything has color. Have you noticed that at night 
colors tend to disappear ? Sunl ight is the great revealer of color. 
You remember that light may be either reflected, transmitted, 
or absorbed. The different colors in light may act differently. 
The white paper of this page reflects all the colors back to your 
eyes. The black letters absorb all the colors. Green leaves re¬ 
flect the green waves to your eyes and absorb all the other 
colors. 

The wall-papers in your rooms have a great effect on the 
amount of light in the room. If they are " light” in color, they 
reflect nearly all the rays that fall upon them. If they are 
‘‘dark," they absorb nearly all the rays. For this reason care 
should be exercised in the choice of wall-papers to see that they 
are adapted to the uses to which the various rooms are put. 

You realize, of course, that you get no impression of color, or 
even of light, unless the rays actually enter your eyes. In order 
to understand what you need to know about lighting, therefore, 
you must know the structure of that wonderful organ, the hu¬ 
man eye. 

B. LENSES —THE CAMERA, AND THE HUMAN EYE 

1 

Problem 7: To focus the sun’s rays. (Home.) 

Directions: Secure a reading-glass and hold it in such a way that all the 
rays which pass through it are bent inward and fall on one small spot 
on a piece of paper. Can you set fire to the paper? 

Question: How can you 1 explain the result of this experiment by the 
principle of refraction? 
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Problem 8: To make a pinhole camera. (Pupils.) 

Directions: Procure a cardboard box such as cereals are sometimes sold 

in. Remove the cover. Cut a hole in 
the bottom and paste a oiece of tinfoil 
over it. Prick a small pinhole in the 
middle of the tinfoil. Tie thin doth 
over the open end of the box, 

Hold the "camera" with the pinhole 
toward a candle flame, The results are 
more interesting if you can do this in 
the dark. What appears on the screen 
of the cloth? Try holding the camera 
in different positions until the image is 
plain. 

Fie. ISO. A pinhole camera How does the image differ froir 

the flame itself? 

Problem 9: How does sunlight print a picturef (Pupils.) 

Directions: Procure a glass printing frame, or make one by using a glass 
plate, a piece of cardboard the same size, and rubber bands. Place a 
developed film next to the glass, with a piece of "Solio” paper behind it. 
Hold the frame so that the bright rays of sunlight will fall upon the 
film. 

What changes take place in the sensitive photographic paper? 
Watch the changes carefully, and remove the "print" when it has 
become distinct. 

How does the print change if it is exposed to light? 

Question: Why does a "proof" of a photograph fade? 

A lens. We have found that a prism can disperse the rays of 
light. A lens can bring a collection of rays to a point, or focus 
• them. The reason is the same; the rays are refracted when they 
pass from one substance to another of different density. 

A reading-glass bends the rays from the letters on this page so 
that when they reach our eyes they seem to have come from 
letters which are nearer and larger. You can use a reading- 
glass to focus the sun's direct rays to a point. So many rays 
beating upon the same spot may produce enough heat to set fire 
to paper or cloth or light "kindling.” 

A camera. A "pinhole” camera can be made without using 
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a lens. The rays of light pass through the hole, and falling 
upon a screen of some kind, produce a faint, inverted image. 



Fig. 160. A camera showing the lens and how the image is 
formed 


When a double convex lens, a kind of lens that bulges in the 
center, is used in the opening, the rays of light reflected from 
outside objects enter the lens and form a bright image on a 
screen placed in the proper position. The image is inverted 
and is generally smaller than the object. Study the diagram. 

The development’of modern photography has all depended 
on the discovery that light causes a chemical action on silver salts. 
Some silver salts when exposed to the light turn dark. The 
film or plate in a camera is coated with gelatin which contains 
a silver salt, usually silver bromide. The film is placed at just 
the right place to receive the focused rays from a lens. When 
you take a "snapshot" the shutter opens for a fraction of a 
second. The light that enters changes the silver salt on the 
film. The many rays reflected from the surface of the water 
through the lens, for example, cause the part of the film where 
those rays fall to be greatly affected; while the fewer rays re¬ 
flected from the sides of the canoes cause less chemical action 
on the part of the film where those rays fall. (See figure 161.) 

The film is “developed” by chemicals and forms a negative. 
The negative is dark where the object was light and light 
where the object was dark. 

The print, or positive, is made by allowing light to pass 
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through the negative to paper which is sensitive to light because 

it is coated with a silver 
salt. Less light can pass 
through the dark parts 
of the negative than 
through the light parts. 
Therefore what wa3 
dark on the negative 
appears light on the 
positive, and what was 
light on the negative 
appears dark on the 
positive. 

A similar chemical 
change takes place when 
the picture is printed 
on photographic paper, 
which is made by being 
treated with silver salts. 
(See problem 9.) 

Moving pictures. 
Moving pictures are 
made .possible by a 
curious habit of the 
nerves of sight. They 
continue to send to the brain the details of a picture seen by 
the eye for a small fraction of a second after the picture has 
disappeared. The moving-picture camera takes sixteen pic¬ 
tures a second, If these pictures were of a man walking, the 
man would, each second, appear in sixteen positions each 
slightly different from the others. If these sixteen pictures 
are projected on a screen so that they appear one after an¬ 
other in a second, the eye cannot distinguish the separate 
pictures. Because of the habit mentioned, the eye merges 
them into one continuous apparently moving picture. Ap¬ 
parently the screen is continuously lighted, but in reality it is 
lighted for about one twentieth of a second. Then it is dark 
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for about a quarter of that time; then lighted again; and then 
dark again sixteen times a second. So the screen is dark for 


about a fifth of the 
time you are look¬ 
ing at it. 

To make mov¬ 
ing pictures pos¬ 
sible the following 
problems had to be 
solved. A strong 
transparent strip 
of film had to be 
developed. A ma¬ 
chine capable of 
moving this film in 
jerks so that it 
would be at rest 
at least 16 times 
a second had to 
be invented. One 



Fig. 162. How moving picture films are 
finished 

The negative drum room is in the foreground 
and the positive drum room in the background. 
On these huge drums the developed film is dried 
by filtered air and made ready for release. (Para¬ 
mount Pictures .) 


part of this ma¬ 
chine had to be a shutter which would keep the light from 


striking the screen when the film was moving. The film is 
made in reels about a thousand feet long. On each reel are 


16,000 pictures. It takes about 10 minutes to run a film 
through a projector, To avoid pauses in a picture while reels 
are bring changed two projectors are used. While a reel is 
bring run through one, the next reel is being made ready on 
the other which is put into operation just as the preceding 


eel is finished. 

Talking motion pictures. “Talkies” have been developed 



Fig. 163. The.films for talking moving pictures 
Note the"sound-marks" on the band at the left. . 
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in consequence of the perfecting of a wonderful little device, 
the photo-electric cell, which has also made it possible to send 
photographs by radio. You will learn more about its structure 
when you study the chapter on Radio. 



General Elec-tric Western Electric 

Type / Type II 

Fig. 164. How “ talkies M are made 
A ia the source of light containing the heated filament, 3 . The light 
passes through the lens, C, and through the slit, D, which is one one- 
thousandth of an inch wide and one eighth of an inch long. The light then 
passes on to the photo-electric cell, F, where the variations in light cause a 
variation in the electric current. In the General Electric, Type I, film, the 
serrated edge with the light space, H, and dark space, I, produces variation 
in light on passing the slit, D, In the Western Electric, Type 11, these 
variations are produced by variations in density of the lines, as indicated at 
KandZ,. 


In making a talking film the variations in sound cause a 
reed-like shutter to vary the quantity of light which passes 
through a narrow slit onto a celluloid film. In reproduction in 
the theater the film, which has thus received "sound-marks” 
as shown in figure 163 is passed through a steady beam of light. 
The sound-markB allow varying amounts of light to pass 
through and strike a photo-electric cell. In the photo-electric 
cell the strength of the electric current which can pass variei 
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irith the amount of light which strikes it. This current with 
Its variations is then amplified and produces sound in the horns 
back of the moving picture screen. (See figure 165.) Since 



Fig. 165. The projection of picture and sound 


the picture film moves by a series of jerks, the sound film i3 
projected by another apparatus which is so carefully timed 
that the sound seems to issue from the actor's mouth at the 
precise instant when he moves his lips. 

The human eye. The most wonderful camera in the world is 
the human eye. Study figure 166. Light enters through the 
pupil, a circular open¬ 
ing which can be made 
larger or smaller by the 
contraction or relaxa¬ 
tion of muscle fibers 
in the colored part of 
the eye, the iris. The 
rays of light then pass 
through the crystalline 
lens, and are focused in 
the back of the eye on 
a sensitive and delicate 
layer of nerve tissue called the retina. From the retina the ■ 
optic nerve leads to the brain where impressions of light are 
registered. 



Fig. 166. The eye and its connections 
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Care of the eyes. Glasses are needed by some people to en¬ 
able the rays of light to be focused properly. These people 
need glasses because their eyes are so made that the rays of 

light instead of being 
focused upon the retina 
tend to be focused eithei 
in front of the retina 
or behind it. For this 
reason different eyes 
need different kinds of 
glasses. (See figures.) 
Perhaps there are no 
organs in the body that 
are more often abused 
than the eyes. Many 
people suffer from eye 
strain without realizing it. This is because of the fact that 
there are little muscles attached to the lenses of the eyes by 
means of which the 
lenses may be made 
more or less convex. 

These muscles may be 
tired out or strained if 
you do not have glasses 
to help them. This 
strain often results in 
headaches and in dis¬ 
turbance in other parts 
of the body such as the 
stomach and back. If 
you suffer any discomfort after using the eyes for an hour 
or so, you should consult an oculist or an optometrist to find 
out whether you need glasses. 

Some good rules : Take care of your eyesight; for upon it de- 
• pends much of your safety and success in life. 

If your eyesight is not perfect, be sure to have glasses 
fitted by a legally authorized eye examiner. 



Fig. 168. Near-sightedness 
The concave lens bends the rays of light 
outward so that they focus on ths retina. 
Without the lens the rays would focus in front 
of the retina,, as shown by the dotted lines, 
and would give a blurred image on the retina. 



Fig. 167. Far-sightedness 
The convex lens bends the rays of light 
inward so that they focus on the retina. 
Without the lens the rays would focus behind 
the retina, as shown by the dotted lines, and 
would give a blurred image on the retina. 
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Artificial Lights 

Always hold your head up when you read. 

Hold your book about 14 inches from your eyes. 

Be sure that the light is clear and good. 

Never read in the twilight. It is better not to read in a 
moving car, or in a reclining position. 

Never read with the sun shining directly on the book. 

Never face the light in reading. 

, Let the light come from behind or over your left shoulder. 
Avoid books or papers printed indistinctly or in small type. 
Keep your books clean. A soiled page is hard to read. 

Rest your eyes frequently by looking away from the book. 
Cleanse the eyes night and morning with pure water. 

Never rub your eyes with your hands or an unclean towel, 
handkerchief, or cloth.. 

C. ARTIFICIAL LIGHTS 

Problem 10: How does a candle burn and give light? {Home.) 

Directions: Examine a paraffin candle. By melting the bottom, fasten 
the candle upright in a small dish. Apply a lighted match to the wick. 

What happens to the paraffin? Watch the candle as it burns. 
Squeeze the wick with two iron nails or a forceps. What appears on 
the metal? What change takes place in the paraffin as the candle burns? 

Blow out the flame. What rises from the wick? While it is still 
rising, hold a lighted match about one inch above the wick. What 
happens? 

Have you found now into what the paraffin must be changed before 
'it burns? 

Hold a piece of cold glasB in the flame for a moment. What appears 
on the glass? Where did it come from? What is its shape? In what 
part of the flame was this substance? When a candle burns without 
Bmoking what happens to this substance? 

In problem 5 on page 25 what did you find to be the products of com - • 
bastion of a candle? 

Summary: 

1. How must the paraffin be changed before it burns? 

2. What are the glowing particles in the candle flame? 

3. What are the two products of combustion when a candle burns? 

Problem 11: How does a kerosene lamp give light? {Home.) 

Directions: Light an ordinary kerosene lamp. What burns? How does 
the oil rise to the flame? 
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Use the lamp with and without the chimney, What is the use of the 
chimney? - 

Hold two lighted matches close to the small holes on the burner 
when the lamp is lighted. What is the result? What is the use of the 
holes in the burner? 

Hold a cold glass in the flame. What causes the light in the flame? 
Find out whether the products of combustion are the same as in the 
candle flame. 

Summary: 

1. Why does kerosene give light when it burns? 

2. Why is a chimney used? 

3. What are the products of combustion? 

Question: What causes a kerosene lamp to smoke? 


Problem 12: How does a gas mantle increase the amount of light * 
given by a gas flame? (Home or Class.) 


Directions: 

Part 1: Light a gas burner fitted with the usual " lava tip.” Place a 



Fig. 169. A gas-meter index 
Each division on the right-hand 
circle denotes 100 cubic feet; on the 
center circle 1000 cubic feet; on the 
left-hand circle 10,000. Notice that 
the hand on the center dial revolves 
counter-clockwise. 

Read- from left to right, taking the 
figures which the hands have passed, 
viz.: 3, 4, 6; add two ciphers for the, 
hundreds, making 34,600 cubic feet reg¬ 
istered., To ascertain the amount of gas 
vsedinagiven time, deduct the previous 
register from the present, viz,; 

Register by above dials.34,600 

Registered by previous statement 

shown by dotted lines .18,200 

GiveB number of cubic feet since reg¬ 
istered .16,400 


cold object in the flame. What 
appears? What are the glowing 
particles in the light? Do all parts 
of the flame give light? How far 
must the stopcock be turned to 
furnish gas enough to give the 
best possible light? 

Part 2: Replace the tip with 
a mantle burner and chimney. 
Light the gas. What causes the 
light? What is the use of the 
chimney? How far must the stop¬ 
cock be turned to furnish gas 
enough to give the best possible 
light? 

Compare the intensity of light 
given by the two burners. 

Summary: What advantages has 
a mantle light over an open flame? 

Problem 13: To read a gas 

meter, {Home.) 


Directions: Find the gas meter at home. How many circles are on the 
dial? Make an exact copy of the dial, showing all the circles and the 
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positions of all the hands. What is the reading, that is, how many 
cubic feet of gas have been used? Take your copy of the dial to school 
to secure the help of your instructor on your reading. 

After an interval of a day or two take another reading, making a copy 
of the dials as they now appear. What is the reading? How much gas 
has been used since the last reading? Study figure 169. 

Find an old gas bill at home. What is the cost of 1000 cubic feet 7 
What is the cost of the gas used as indicated by your two readings? 

Problem 14: What causes an incandescent bulb to give light? 

(Class.) 

Directions: 

Part 1: How does an electric current affect wire? 

Connect the binding-posts of a dry cell by means of a short piece of 
German silver wire. Feel the wire. What is the effect? 

Try a piece of German silver wire of smaller diameter, but the same 
length. What is the effect? 

Try a piece of copper wire the same length. Which of the three wire? 
becomes most heated? Which offers the 
greatest resistance to the passage of the 
electric current? 

Part 2: What is the construction of 
an incandescent lamp? 

Screw an incandescent lamp out of 
its socket and examine it. Can you find 
all the parts shown in figure 170? 

Part 3; What causes the light in the 
incandescent bulb? 

Connect a small bulb such as is used 
in a flash-light with the binding-posts 
of a dry cell, having a push button in 
the circuit. In how many ways may 
the light be turned off and on? What part gives the light? 

Summary: State two necessary conditions for an incandescent lamp to 
give light. 

Questions: 

1. What may cause the insulation of an electric wire to burn? 

2. Why does an electric light go out if the filament breaks? 

Problem 15: To read an electric meter. (Home.) 

Directions: Find the electric meter. How many dials has it? 
Electricity is measured in units called kilowatt hours. How many 


bjoc nemr/nt. 
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Fig. 170. The principal 
parts of an incandescent 
electric light bulb 
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kilowatt hours does the meter register? Copy the dials to show the in¬ 
structor. Is your reading correct? 

Aftera convenient interval take another reading. Copy the dial, with 

the new positions of 
the hands. What is 
the reading? How 
many kilowatt hours 
have been used? 

Find an old bill from 

the Electric Com¬ 
pany. What is the 
charge per kilowatt 
hour? What, then, 
is the cost of the elec¬ 
tricity used between 
the two readings? 



Fig. 171. An electric meter index 
Reading 1876 kilowatthours, The hands on two 
of the dials revolve counter-clockwise. 


Natural and artificial lighting. By the term natural lighting 
we mean light received directly from the sun. The sun is, how¬ 
ever, the real source of all our light except the small amount 
which comes from the stars. Artificial light is usually produced 
through the oxidation or burning of substances such as wood, 
coal, oil, or gas. These substances have energy stored in them 
which came originally from the sun. (See page 292.) 

Candle-light. Our ancestors used candles as almost their 
only source of artificial light. We use them only when we wish 
a soft light, as at dinner sometimes, in 
our bedrooms, and for religious cere¬ 
monies and festivals. 

A candle, whether it is made of par¬ 
affin, wax, or tallow, contains the same 
elements, carbon and hydrogen. We 
know from our study of air and fire 
that the candle will not burn without 
the help of oxygen from the air. So 
we know that the carbon unites with 
oxygen to form the colorless gas car¬ 
bon dioxide, and the hydrogen unites with oxygen to form 
water. 

Paraffin in a sojid stats doss not b^rp, First it melts pd 



Fig. 172. A candle flame 
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creeps up the wick by capillary action. (See page 182.) The 
burning wick is hot enough to turn the melted paraffin to a 
vapor, and not until then does the paraffin itself catch fire. So 
in a candle flame we really see a gas or vapor burning. 

Each part of the rising column of vapor cannot get an equal 
amount of oxygen. The outside of the column burns very 
quickly, forming at once the colorless carbon dioxide and 
water. The particles of vapor farther inside the flame cannot 
burn so fast. Each particle of carbon glows for a second before 
it is burned completely. It is the glowing carbon particles that 
cause the flame to give light. Study the diagram to see the 
parts of a candle flame. 

A kerosene lamp. Have you heard of whale-oil lamps? Un¬ 
til 1858 they were the best artificial light known. Then came 
kerosene, from petroleum, which had been waiting, stored up 
deep in the earth’s crust, until man should realize its value and 
bore wells to obtain it. 

A kerosene lamp musthaye a bowl for the oil and a wick] 
it. usually has also a chimney and a burner. 

If you made the lamp suggested on page 179, you learned that 
soil might act as a wick. The wick is useful to enable the oil to 
creep by capillary action up to where the heat from a match 
may change it into a gas, As in the candle, the material that 
really burns is a gas. Like the candle, too, the kerosene con¬ 
tains carbon and hydrogen. The glowing carbon particles fur¬ 
nish the light, and the products of combustion are carbon di¬ 
oxide and water. 

The burner and chimney are useful in furnishing a steady 
supply of air to yield its oxygen, and in preventing cross cur¬ 
rents of air which cause a flickering flame. 

Gas-lighting. Illuminating gas is usually a mixture of gases 
produced from coal, petroleum, etc. When you study chem¬ 
istry you will find out just how the different kinds are made, 
However it is made, it resembles the paraffin candle and the 
kerosene oil in consisting of the elements carbon and hydrogen. 
When it bums, the carbon is oxidized to form carbon dioxide, 
and the hydrogen forms water. The gas is piped to your house 
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from the city tanks, and its escape is prevented by stopcocks, 
The amount you use in your house is measured by a g as meter, 

Learn to read the 
meter, so that you 
may detect any 
leak in it or any 
mistake in the gas 
bill. 

The first type of 
gas burner to be 
used was the open- 
flame burner, but 
it has been superseded by the more efficient mantle burner. 
The open-flame burner allows gas to burn in the air. Th« 
more air is admitted to the flame, the less light is given, 
because oxidation is carried on too fast to allow the carbon 
particles to glow. A Bunsen burner, which is a kind of open- 
flame burner used commonly in laboratories, admits air to the 
inside of the flame, so the carbon particles are quickly oxidized. 
An ordinary burner admits no air to the center of the flame, and 
the carbon is oxidized slowly enough to glow. 

Mantle burners are so much more efficient than open flames 
that they are in general use where gas is used for illumination. 
A mature of gas and air is admitted inside the mantle, where it 
burns with a blue flame, producing no light, but much heat. 
The light is caused by the incandescence or glowing of a coating 
on the mantle made of a mineral substance which cannot burn. 

In places where illuminating gas is not available, acetylene 
gas is sometimes used. This gas is set free when water acts on 
the chemical, calcium carbide. The gas burns with a white, 
intense flame. 

Electric lights. The most important development in lighting 
our houses has come as a result of our knowledge of electricity 
and electrical energy. We have likened (see page 318) the 
electric current in a wire to the flow of water in a pipe. The 
electrical pressure causes the current to pass. Two common 
ways of producing electrical current are by means of electric 
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cells and dynamos. A pocket flash-lamp can give a good light 
.as a result of the energy in an electric cell. The current which 
flows through the lights in our houses is produced by dynamos. 

Electrical resistance. No substance is a perfect electrical 
conductor. The current meets with some resistance to its flow, 
no matter what kind of material it passes through. Certain 
substances offer more resistance than others. Under such cir¬ 
cumstances, electrical energy is transformed into heat and the 
wires may become so hot as to glow or melt. 

A fuse is a protective device which depends upon this prin¬ 
ciple. When the current enters a house it must pass through 
a fuse plug which contains a mixture of, lead and tin or 
other metals. If the current becomes too great for safety, the 
metal melts and thus breaks the connection. (See figure 243, 
page 479.) 

Ah incandescent lamp. The usual electric light bulb de¬ 
pends upon the principle that a substance may offer enough re¬ 
sistance to the passage of the current to become white hot. It 
consists of a glass bulb from which practically all the air has 
been removed. Two pieces of a special wire are sealed into the 
standard. The wires are soldered to a brass base which is sealed 
on with plaster of Paris or a special cement. Connecting the 
two wires inside the bulb is a fine thread composed either of 
specially prepared carbon or of a rare metal called tungsten. 
When the circuit is closed, the current meets with so much re¬ 
sistance in passing through the fine thread that it glows or be¬ 
comes incandescent. (See figure 170 on page 359.) 

Edison and the electric light. America's great inventor, 
Thomas A. Edison, made the first incandescent lamp. The 
story of its invention is the story of persistent, long, and hard 
work. He already knew about the electric arc light, in which 
light is produced by an electric current flowing across a gap 
between two sticks of carbon. The tips of the carbons become 
white hot. Edison, after several trials along other lines,, 
thought of trying a thread of carbon. For three days he worked 
without sleep to prepare a carbon thread. Finally he succeeded 
in sealing a good carbon thread made from cotton into a glass 
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bulb. He pumped the air out of the bulb to prevent oxidation, 
and passed a current through the fine filament. He was re¬ 
warded by a light that glowed brilliantly. 

To find the best material for the filaments, he sent all over 
the world and spent about a hundred thousand dollar's. The 
result of the search was a Japanese bamboo which made a very 
good carbon filament. In 1880 the first commercial electric 
lighting plant was installed. 

“A great invention is never completed by one man.” New 
and better filaments have been devised. For the pioneer work 
which resulted in giving us the electric lights in our houses, 
however, we must thank Thomas A. Edison. 

In 1929 was celebrated the 11 Golden Jubilee of Light," the 
50th anniversary of Edison's incandescent electric lamp, 
There were brilliant illuminations in cities and villages alike, 
special articles in most of our magazines, and distinguished 
visitors from abroad, notably Mme. Curie, famous as one of the 
discoverers of radium. 

In Detroit, the celebration took a most remarkable form. 
Henry Ford, long an intimate friend of Edison’s, had moved 
from its original location in Orange, New Jersey, the very 
laboratory in which Edison had worked. Here Edison, now 
82 years of age, reenacted the scene of 50 years before. With 
the help of a man who had assisted him then, Edison prepared 
for operation a replica of the first successful electric incandes¬ 
cent lamp, while President Hoover and Mr. Ford looked on. 

You should read the life of Edison, the scientist and inventor. 
Among his most generally known inventions — in all there art 
over 1000 — are an improved telegraph instrument, the carbon 
telephone transmitter, the electric light, the moving-picture 
camera, the electric storage battery, and the phonograph, all of 
which you learn about in this book. Find out about some of 
the others. As a boy, Edison sold magazines and fruit on the 
train, and lost his position when chemicals with which he was 
experimenting set fire to one of the cars. He then became a 
telegraph operator ■— and a most expert one. There are stories 
without number of his speed and skill There are also stories 
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of the adventures that befell him as he experimented with 
chemistry and electricity wherever he worked. When he was 
twenty-three years old he sold one of his inventions for $40,000. 

What traits contributed to Edison's success? In the first 
place, he had a strong imagination. He saw in his mind just 
the result that he wanted to reach. In the second place, he 
never gave up trying. Third, he worked intelligently, choosing 
from thousands of experiments the one that promised the result 
that he wanted. He never blundered along vaguely, hoping 
that sooner or later he would happen to put the right thingB to¬ 
gether. Finally, he did not invent for the sake of inventing, 
but because he saw the need for something that would add to the 
comfort, convenience, safety or pleasure of life. It is no 
wonder that he was often called the world’s most useful citizen. 

D. THE PROPER LIGHTING OF OUR HOMES 

Problem 16: What is the relation between the amount of light and 
the distance from the source? 

Directions: Place a candle or small lamp on a table in a darkened room. 
One foot away from it set up a screen in which a hole one inch square is 
tut. 



Fig. 174. Why is the area of light on the second screen larger 
than the hole in the first? 


Place a larger screen upright two feet away from the candle. Meas« 
ure the space lighted by the rays of light which pass through the hole. 
Move the large screen three feet away from the light. How large a 
space is lighted? Try other positions. 
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Conclusion : What have you found out about the relation between the 
intensity of light and the distance from its source? 

Application: In reading in the evening, compare the amount of light 
received upon a printed page held two feet away from the source of 
light with the amount received when the page is held four feet away 
then six feet away. ■» 

Problem 17: To score the lighting of my home. (Home.) 

Directions: Make a copy of the following score-card. Do not write in 
this book. Score your own home, giving 5 points for each "yes." 

Daylight: Y e8 No 

X. Does every room receive direct light? 

2. Do three quarters of the rooms receive direct sun¬ 
light? 

3. Does the house or apartment get light from all four 
directions? 

4. Is the window space at least 20 per cent of the floor 
space? 

5. Is every window provided with blinds, shutters, or 
shades? 

6. Are the shutters kept open on every window? 

7. Are the windows kept clean? 

Artificial tights: 

8. Are lights provided in every room? 

9. Can lights be switched on without lighting matches? 

10. If gas is burned, are mantles used? 

11. If electricity is installed, are Tungsten bulbs used? 

Convenience: 

12. Are wall switches used? 

13. Can a switch on one floor turn on lights on other 
floors? 

14. Are floor or wall sockets provided for portable lamps? 

Walls and ceilings: 

15* Are the colors of walls and ceilings able to reflect at 
least 50 per cent of the light they receive? (See table 
on page 368.) 

16. Are all the walls and ceilings clean? 

Arrangement of tights: 

17. Are all the lights arranged so as not to shine in the eyes | 

when you are reading or at the dining table? I 
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Yes No 

18. Is the lighting system free from glare? 

19. Is the kitchen well lighted at sink and stove? 

20. Is a strong light available for sewing and reading? 

Questions: 

1. What is your total score? 

2. Can you improve the lighting system in your home? 

Sunlight and health. Of late years people have come to real- 
ixe how necessary to every one’s health is plenty of sunlight. In¬ 
stead of building homes with small windows in which the shades 
are kept drawn to prevent the fading of hangings, upholstery, 
and carpets, as'was done fifty years ago, modem homebuilders 
plan many large windows to admit sunshine freely. Living- 
rooms are on the sunny side of the house. Schools are built 
with at least twenty per cent of the wall space devoted to win¬ 
dows. Compare the oldest schoolhouse in your town or some 
neighboring one with the newest structure of this kind. Is 
there not a great difference in the amount of sunlight that may 
enter? 

It is not only that Well-lighted homes, schoolrooms, offices, 
and factories are pleasanter places if well lighted by the sun; it. 
is also true that they are much healthier. Babies who do not 
have enough sunlight may develop rickets, and people of all 
ages may develop tuberculosis. Scientists have proved by 
experiments that the action of sunlight is able totally to de¬ 
stroy the bacteria of tuberculosis, diphtheria, and certain other 
diseases. A well-lighted home is, therefore, above all else, a 
place in which sunlight may enter. 

The ultra-violet rays. You know that the sun gives off differ¬ 
ent kinds o'f rays, or light waves, since you have seen in the 
rainbow the different colors into which the white sunlight is , 
broken — red, orange, yellow, green, blue, and violet. Scien¬ 
tists know that there are many other rays in sunlight. It has 
been discovered that the chief healing rays are those that lie 
just beyond, or to the right of, the violet rays; hence they are 
called the ultra-violet rays — “ultra” being the Latin word 
for "beyond.'' , 
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Among the reasons why we are more liable to catch colds, 
and lose our appetites, in winter are: (i) we do not have nearly 
so many hours of sunlight; and (2) the sunlight that we do get 
has nearly all its ultra-violet rays strained out of it by pacin g 
through clouds and fogs. Window glass also has the same 
effect; so we must go out-of-doors into the bright winter sun¬ 
shine whenever we can. A new kind of window glass has 
recently been invented which admits the ultra-violet rays, 
This is made by the fusion of quartz and is called quartz glass. 
Although it is more expensive than ordinary glass, it is well 
worth installing in at least one sunny window. 

How lighting is affected by walls and ceiling. Papers of dif¬ 
ferent colors and surfaces vary greatly in their ability to reflect 
light. The decorations of a room have, therefore, much to do 
with the amount of light present. If it is desirable to have a 
well-lighted room, naturally it will be economical to use for 
walls and ceiling a color or colors which will reflect much light. 
Not only is the color important; the finish of the surface has 
much to do with the amount of reflection. A smooth, glossy 
finish produces a glaring effect, while a rough or dull surface 
tends to diffuse the light and produce a softer effect. 

The following table shows how much light variously colored 
walls will reflect: 


Material and Color 

Per cent of 
Diffuse Reflection 

White cartridge paper 

80 

Ivory-white cartridge paper 

76 

Lichen-gray paper 

70 

Pearl-gray paper 

fO 

Primrose paper 

67 

Chrome-yellow paper 

fc 

Buff paper 

59 

Cream paper 

56 

Light cream paint 

52 

Pink paper 

51 

Light orange paper 

50 

Pale green paint 

45 

Yellow paint 

40 

Tan paint 

37 

Sky-blue paper 

31 
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Material and Color 
Cardinal-red paper 
Brown paper 
Blue green paper 
Dark green paper 
Maroon paper 
Ultra marine-blue paper 
Black cloth 


Per cent of 
Diffuse Reflection 

27 

18 

12 

05 

05 

03-5 

01.2 


Preventing eye-strain. In the days when candles were used 
it was easier than it is now to move the source of illumination 
from place to place. In these days when artificial lights are 
usually fixed it is important that they should be arranged care¬ 
fully so as to prevent eye-strain. A very common way of abus¬ 
ing the eyes is to read or write in a poor light. If you have tried 
problem 16 on page 365 you have found that the intensity of light 
diminishes rapidly with the distance from the source. Thus, if 
you sit twice as far away from a lamp as your sister, you will 
receive only one fourth as much light, and if you are four feet 
away while she is only one foot away, she will receive sixteen 
times as much light. The law as to the intensity of light in this 
respect may be stated as follows: the amount of illumination on a 
surface varies inversely as the square of its distance from the source 
of tight. 

Arrangement of electric lights. Where electric lights are 
used, there are three different systems: (1) direct lighting; (2) 
indirect lighting; and (3) semi-direct lighting. 

Direct lighting systems send rays of light directly to the sur¬ 
faces to be illuminated. Open reflectors above the lamps send 
most of the light downward. If the reflectors are opaque, as 
green- glass or dark silk, almost no light is transmitted through 
them. 

Indirect lighting systems make use of reflectors, which direct 
practically all the light rays to the ceiling and upper wall sur¬ 
faces, thence to be reflected down into the room. It is impor¬ 
tant not to let dirt collect in the bowls of the reflectors when 
this system is used. 

Semi-direct systems use translucent reflectors, so that some 
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of the light passes through and is diffused into the room, while 
the rest is directed towards the ceiling. When the fixtures are 
well designed, this system has the advantage of causing soft 
shadows, and of helping to avoid glare and eye fatigue. 

How lights are measured. When other lights than candles 
began to be used, it was natural to compare them with the 
familiar candles. This method is still used. The strength of a 
light of any kind is said to be of a certain candle-power. 

It was Count Rumford (Benjamin Thompson), a famous sci¬ 
entist, who was bom in Woburn, Massachusetts, before the 
Revolutionary War, who devised the method of determining 
the candle-power of lights. He arranged a lighted lamp and a 
candle before a paper screen near which was an upright rod. 
Both lights cast shadows of the rod on the screen. By moving 
the lights until the two shadows were of equal intensity he 
found out when the screen received an equal amount of light 
from the two sources. In order to find the candle-power of the 
lamp, he measured the distances from the screen and used the 
rule already stated, namely that the amount of illumination on 
a surface varies inversely as the square of the distance from the 
source. If, for example, the candle was one foot from the screen 
and the lamp was three feet from the screen, the candle-power 
of the lamp was 3 times 3, or 9. Electric lights are usually 
rated at i6'-candle-power,,32 candle-power, 64 candle-power,etc. 

While lights are measured by candle-power, the amount of 
illumination at any given distance from the light is measured 
by foot-candles. If a candle is placed one foot away from a 
screen one foot square, the illumination received is one foot- 
candle. If two candles are used, the illumination would be 
two foot-candles. If a 32 candle-power bulb were used, the 
illumination would be 32 foot-candles. As has already been ob¬ 
served, when the screen is moved farther away from the source 
of light, the amount of illumination it receives rapidly dimin¬ 
ishes. Thus at a distance of two feet, what was a foot-candle 
power is now spread over an area 2 times 2 or 4 square feet, and 
a single square foot of the surface receives only one fourth foot- 
candle of light, 



Review Outline 


371 

For reading, writing, or sewing one should have at least 2 
foot-candles of illumination. If the top of your desk where you 
are working is four feet away from the light, a 16 candle-power 
lamp would give only 1 foot-candle of illumination. Therefore, 
under such conditions, you should use two such lights, or a 
single light of 32 candle-power. 

REVIEW OUTLINE 

A. Fundamental principles 

1. The source of light 

2. How our houses are lighted by the sun 

a. Direct light 

b. Reflected light 

Reflection from mirrors 

c. Diffused light 

d. Refracted light 

3. Color 

а. The colors in sunlight 

б. Why anything has color 

B. Lenses—the camera and the human eye 

X, A lens 

2. Cameras 

a. A pinhole camera 

b. How a photograph is made 

c. Moving pictures 

(1) Talking pictures 

3. The human eye 

0. Care of the eyes 

C. Artificial lights 

1. Candle-light 

2. Kerosene lamps 

3. Gas-lighting 

4. Electric lights 

0. How electrical resistance causes light 
(1) How a fuse works 
b. An incandescent lamp 

(1) Edison and the electric light 

D. The proper lighting or our homes 

1. Sunlight and health 

a. The ultra-violet rays 

2. How lighting is affected by walls and ceiling 

3. Preventing eye-strain 
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.4. Arrangement of electric lights 

a. Direct lighting 

b. Indirect lighting 

c. Semi-direct lighting 

5. How lights are measured 

INDIVIDUAL PROJECTS 

Working projects and reports: 

1. Make a list of all the things which you can find at home which re- 
fleet light. Arrange them in order, beginning with the object that 
gives the clearest image, and ending with the object which merely 
diffuses the light. 

2. Make a collection of pictures taken in different ways, including 
daguerreotypes, tintypes, old and modern photographs. Find out 
how methods of taking pictures have been improved. 

3. Take some pictures, develop the films or plates, and print the pic¬ 
tures. 

4. Demonstrate to the class how a camera works and how to print 
pictures. 

5. If the school has a moving-picture machine, perhaps the principal 
or teacher in charge will permit you to learn how to use it and 
demonstrate it to the class. 

6. Make a large wall chart in color to show the structure of the human 
eye. 

7. Demonstrate how an acetylene bicycle lamp works. 

8. Demonstrate how a pocket flashlight works. 

9. Demonstrate how a gas-meter works. (It is sometimes possible to 
borrow from the Gas Company a meter with a glass front.) 

10. Make a study of the electric lighting system at home, finding out 
where the wires enter the house, where the fuses are located, and 
how the rooms are wired. (Caution: You do not need to handle the 
parts in making your observations.) Demonstrate the system by 
means of a diagram, 

11. With your mother's permission, clean the shades and glass bulbs of 
the home lighting system, 

12. Visit an electric light plant, to find out all you can about the way 
your community is lighted, 

13. Make a simple telescope. For directions see The Boys’ Ovm Book 
of Great Inventions (pp. 376-77). F. L. Darrow. Macmillan, 

14. Report on how moving pictures are made. For references see 
books listed below. 

BOOKS THAT WILL HELP YOU 

Behind the Motion Picture Screen. A. C, Lescarboura. Scientific American, 

Everyday Mysteries. C. G, Abbot. Macmillan. 

Great Inventors and iheir Inventions. F. P. Bachman. American “Edison." 

Harper’s Every-Day Electricity. D. C. Shafer. Harper. 
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XIV 

HEATING OUR HOMES 

Introduction, Those of us who live in a so-called temperate 
dimate know that at times we must have some way of heating 
our homes. In the chapter on air and fire you have found that 
wherever oxidation is going on, heat is given off. Man has in¬ 
vented ways of using the heat produced by oxidation to give 
him warmth and comfort in his home. In this chapter we shall 
find out some of the ways of heating in common use, and the 
principles on which they depend. We shall also learn the ad¬ 
vantages of different kinds of fuel, both for heating and for 
cooking, how to keep an economical coal fire, how to cook 
without wasting gas, what the temperature of our living rooms 
should be from a health viewpoint, and some valuable facts 
about heating and ventilating systems. 


THE PROBLEMS 

A. On fuels. 

1. What fuels are used to heat the schoolhouse? 

2. To compare different grades of coal. 

3. To make coke. 

B. On how rooms are heated, 

4. To show that heat travels by radiation. 

. 5. To show that heat travels by conduction. 

6. To show that heat travels by convection. 

C. On heating systems. 

7. To study a coal range. 

8. To build a fire. 

9. To study a gas range. 

10. What is the economical way of cooking with gas? 

11. How is my house heated? 

12. To study a steam boiler. 

13. How is the schoolhouse heated and ventilated? 
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A. FUELS 

Problem i: What fuels are used to heat the schoolhouse? (Class.) 

Directions : Go to the furnace-room of the school. 

What fuel is used in the furnace? Do you know where it comes 
from, and how it was formed? 

Ask the fireman tq open the furnace doors to let you see the fire. 
What is the color of the flames? What is the substance which pro¬ 
duces the light? 

Where does the smoke go? 

What is left after the fuel is burned? 

Summary: Sum up what you have learned about the way heat is 
provided in your schoolhouse, and about the way that the fuel burns. 

Problem 2: To compare different grades of coal. (Home.) 

Directions: Procure from a coal dealer a specimen of each kind of coal 
he sells. 

What are the differences between them? 

Find out the prices of each kind, when sold by the ton, half ton, 
quarter ton, and bag. 

1 SutnnuiTy ’ 

1. What is the most economical coal to buy that is suited to the fur¬ 
nace or heaters in use in your school? in your home? 

2. What is the most economical way of buying coal? 

Problem 3: To make 
coke. (Pupils.) 

Directions: Grind some soft 
coal and put it in a test- 
tube fitted with a bent 
glass tubing drawn out 
to a jet. (See diagram.) 

Weigh the test-tube. 

Heat the test-tube over 
a Bunsen burner. 

What appears in the 
side of the tube? 

What comes out of the 
end of the tube? Will it Fig. 175. Making coke In the laboratory 
burn? 

What is the appearance of the coke left in the tube? Is it lighter 
or h eav ier than the soft coal we started with? Compare the space 
occupied by the coke and by the soft coal. 
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Summary: Name three substances produced by burning soft coal . 

Question: Can you put a ton of coke in a bin which is just large enough, 
to hold a ton of coal? Explain. 

Fuel. When we warm our houses in the winter we are obliged 
to use heat which we obtain by burning some kind of fuel. The 
common fuels are-wood, coal, coke , petroleum , natural gas, and 
illuminating gas. 

Wood as a fuel. As a rule, the softer woods burn more readily 
than the hardwoods. We may use wood merely for kindling a 
fire; in that case we wish a wood which will catch fire quickly 
and give off a large amount of heat, and we select a softwood, 
If we wish a wood which will burn a long time and make good 
“coals,” we select a hardwood, The heating value of a cord of 
heavy hardwood is practically equal to the heating value of a 
ton of coal. A cord of lighter wood, like cedar, poplar, spruce, 
or pine, gives off about the same amount of heat as half a ton of 
coal. 

The story of coal. From wood to coal seems a long step, yet 
coal is transformed wood. The greatest coal-fields of the 
United States are in Pennsylvania. Geologists, scientists who 
study the history of the earth, say that in ages past in certain 
localities the land was low and swampy. The climate was 
much warmer than it is now, and the air contained larger quan¬ 
tities of carbon dioxide and water. Plants were able to use the 
carbon dioxide from the air and water from the swamps to make 
food rapidly (see page 274), and therefore grew to be of great 
size. Fossil ferns have been found which must have grown 
thirty feet high. As the dense growth of the swamp died, it fell 
into the water. There it could not easily decay because of lack 
of oxygen. (See page 335.) As more and more accumulated, 
it turned into a solid mass similar to the peat which we find in 
many swamps to-day. 

As more vegetation grew and died, the layer of peat became 
deeper. The pressure of the topmost layers caused the lower 
layers to become compact. Great quantities of the brown 
rock-like coal thus formed exist in the earth's crust now. It is 
called lignite, and is not very good for fuel. 
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Soft, or bituminous, coal was made without heat and special 
pressure, so that it retains the most of its gases. Soft coal is al¬ 
most 82 per cent carbon. 

Hard coal, or anthracite, is really a metamorphic rock made 
from soft coal by the action of great heat and pressure in, the 
earth. (See page 171.) It is 94 per cent carbon. Hard coal is 
a much cleaner fuel than soft coal and gives off little smoke 
when burning. It is preferred as a household fuel although its 
kindling temperature is much higher than that of soft coal. 

Sow coal is made to burn. In your study of air and fire, you 
have learned that a match can be lighted because enough heat 
has been generated in the head of the match to raise the 
temperature of the wood to its kindling point. We must apply 
the same principle when we want a fire. The substance to be 
burned must be raised to the kindling point before it will catch 
fire. When we want to burn hard coal, materials of lower kin¬ 
dling temperature must first be set on fire to generate enough 
heat to raise the temperature of hard coal to the kindling point. 
For the sake of convenience we usually use paper and then soft- 
wqod or ‘'kindling" until there is enough heat to set fire to the 
coal. 

We must not only have a temperature high enough to kindle 
the coal; we must have enough heat to cause a "body ” of coals 
to burn. 

Economy in burning hard coal. The three most commonly 
used varieties of hard coal are called egg, stove, and chestnut, 
according to their size. They are all produced by the same 
mines, at the same time, and by the same methods. When the 
coal is broken up into these sizes, inevitably smaller pieces are 
left over. These are known as pea, buckwheat, rice, and barley. 
Pea, and to some extent buckwheat, may be used in ordinary 
heating appliances in the proportion of one to three with the 
larger sizes. It is economical to do this because the smaller 
sizes are cheaper. These smaller sizes should be kept separate 
from the larger sized coal in the cellar. When burning they 
tend to pack more closely than the larger sizes and therefore re¬ 
quire more draft and a little more attention. 
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How to keep an economical coal fire. The smaller sizes may 
be used in banking the fire at night or in moderate weather when 
a slow fire is desirable. It is well after the fire has been shaken 
down to put on a top dressing of pea coal. The following are 



especially free of burning coals. If this is not done, the grates 
will soon burn out. (2) Fire the furnace with the two sizes,of 
coals in layers as previously suggested. (3) Use the damper 
to check the draft at night or in moderate weather, but never 
leave the feed door open to accomplish this result. (4) Keep 
the heating surfaces, waste pipe, and chimney flue clean. 

Coke as a fuel. If you have tried problem 3 you know that 
when soft coal is burned in a closed tube or in a retort, gas is 
driven off and coke is left. The coke which we buy for fuel is 
really the waste product in the manufacture of gas.' 

Coke is a very good fuel. It kindles more easily than coal, 
burns with a bright glow, gives off much heat, and is cleaner to 
handle. Its great disadvantage is that it needs more attention 
than coal. A combination of coke and coal may be made to 
burn very successfully in nearly all home heaters. 

Burning oil. In recent years, when coal has been so expensive 
and hard to obtain, oil-burning systems have been .installed in 
many houses. The fuel used may be either the heavy “fuel 
oil" or the lighter “furnace oil" or distillate, both obtained from 
petroleum. 
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When petroleum comes from the well, it is a heavy, dark- 
colored oil with a strong disagreeable odor. By heating it is 
distilled and different products are obtained according to the 
degree of heat. The oil often used for cooking, kerosene, is one 
of the oils produced when petroleum is distilled. 



Fig. 177. An oil field 

Observe that oil is found in sand with edge water on either flank. As the 
oil is removed the edge water rises on the flanks. .4 is a dry well. Which is 
lighter — oil or water? B and E are on the edge of the field. C and D are 
on the top of the anticline. Look this word up in a dictionary. Which 
wells are likely to pump water first? 


Figure 177 shows how wells are bored in an “oil field,” 
which is the name given to an area where oil has been dis¬ 
covered in underlying layers of sand and rock. How much can 
you learn by studying this picture? 
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Natural gas is often found associated with crude petroleum. 
When oil wells are bored, the gas tends to escape and be wasted, 
unless effort is made to conserve it. 

In some sections of the country natural gas is largely used as 
a fuel, especially for cooking. It has a higher heat value than 
any of the manufactured gases. 

Illuminating gas as a fuel. An expensive, although conven¬ 
ient fuel is the gas used also for lighting purposes. Four kinds of 
illuminating gas are manufactured: coal gas, made from the de¬ 
structive distillation of coal, as shown in a crude way by prob¬ 
lem 3; oil gas, made in somewhat the same way from petroleum; 
water gas, made by decomposing water by means of heated 
carbon; and producer gas, made by the partial oxidation of the 
carbon in poor grade coal. Can you find out which kind of gas 
is supplied in your community? 

B. HOW ROOMS ARE HEATED 
Problem 4: To show that heat travels by radiation. (Class.) 

Directions: Fill a metal can with boiling water. Hold your hand near 
the sides of the can. If there is a heated radiator in the room, try a 
similar experiment with it. Is the heat given off even in a direction 
opposite to that in which the air may be moving? 

Questions: Does a heated body give off or radiate heat in all directions? 
What is one of the principles involved in the use of a parasol? 

Problem 5: To show that heat travels by conduction. (Class or 
Pupils,) 

Directions: Secure rods made of different metals and apply heat to their 
ends. Does the heat remain only where applied or does it travel along 
the rods? Of the metals tested, which seems to be the best conductor 
of heat? Which is the poorest conductor? 

Questions: 

X. Can you give a reason for wooden handles being fastened to certain 
kitchen utensils? 

2. Why are pipes sometimes covered with asbestos or magnesia? 

3. What kind of materials should be used in making a firelesB cooker? 

Problem 6: To show that heat travels by convection. (Class.) 

Directions: With smoking joss-sticks study the currents of air in a room 
that is being heated, to determine their relation to the heating system. 
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Questions: 

i. What have you learned about how heat is transferred by air« 
currents? 

1. Why is it hotter above a stove In which a fire is burning than 
under it? 

3. What is one of the reasons that the upper part of a house is apt to 
be warmer than the lower floor? 


The best temperature for houses. There is a great difference 
of opinion among people as to just what is the most desirable 
temperature for a room to have. Some people seem to be most 
comfortable when the thermometer registers 70° F. Others like 
it better if it registers only 65 0 F. It is impossible to set any 
fixed temperature as being most desirable for all people. It is 
generally true, however, that between 65° and 70° is most 
healthful. A fluctuating temperature within thiB range is better 
than a constant unchanging temperature. Many people make 
themselves more susceptible to catching cold because they in¬ 
sist upon having their homes too warm during the winter. 

The fireplace as a heater. We enjoy open fireplaces in our 
living-rooms. The cheery blaze and the dancing lights and 
shadows make the hearth the center of a home. Yet if we were 
obliged to heat our 
homes entirely by fire¬ 
places we should find 
them uncomfortable 
enough. Near the fire 
the room would be too 
hot for comfort, while a 
little distance away the 
room would be de- 
ddedly cool. The rea- |Wzzz 

son why a fireplace is a Jr. _ _ , . . . ^ , 

poor heater for a room 6 by a fireplace 

is that it fails to distrib¬ 
ute the heat all through the room. 

Three ways of distributing heat. Heat may be distributed 
in three ways, by radiation, conduction, and convection. 
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Radiation. When heat is distributed by radiation, the rays 
travel through space, in a straight line away from the heat-giving 
surface. 

We know that the energy from the sun is sent out in every di¬ 
rection. The sun's rays travel through space, not only to the 
earth, but to all other parts of the solar system, and even beyond. 
(See page 293.) We receive our heat by radiation from the sun. 

Nothing is heated by radiant energy frorii the sun unless it 
absorbs some of the radiation. Scientists have estimated that 
the temperature of space between the earth and the sun, beyond 
the zone of the earth’s atmosphere, is 459 0 F. below zero. This 
Is because there is nothing, not even atmosphere, to absorb 
heat from the sun’s rays. If the rays are absorbed, the ob¬ 
ject is warmed and gives off some of its heat to the air around 
it, in every direction. We say that it radiates heat. Anything 
which absorbs heat quickly also radiates heat quickly. 

The darker an object is, the more it absorbs heat. Soil heats 
more quickly than water, and gives off its heat by radiation 
more quickly. A black stove radiates more heat than it would 
if it were nickel-plated all over. A black kettle cools more 
quickly than an aluminium kettle because it radiates more 
quickly. A radiator gives off more heat by radiation if it is 
black or bronze than if it is painted a light color. In the case of 
a radiator, however, heat is given off in other ways; only about 
40 per cent of all the heat given off by a radiator is distributed 
by radiation. 

Conduction. When heat is transferred from one particle to an¬ 
other, the process is called “ conduction ." 

A silver spoon in a cup of hot coffee may become hot to the 
end of the handle. The bowl of the spoon in the coffee becomes 
hot; it heats the particles farther up the handle, and 60 on to 
the end. When you touch the spoon, the heat is passed on to 
your skin by conduction. In order that heat may be conducted 
from one object to another, the two objects must be in contact, 
or touching each other. 

Some substances are much better conductors of heat than 
others. Silver is the best known conductor, and air is one of the 



Heating Systems 383 

poorest. The metals are all good conductors. Study the table 
to see the best conductors, the medium conductors, and the 
poor conductors. Can you see why certain substances are pre¬ 
ferred for building houses and others for use in stoves and 
heaters? 


Good conductors 

Medium conductors 

Poor conductors 

Silver 

Granite 

Wood 

Copper 

Limestone 

Asbestos paper 

Aluminum 

Ice 

Sawdust 

Brass 

Brick 

Paper 

Zinc 

Glass 

Linen 

Tin 

Water 

Cotton 

Iron 

Plaster 

Silk 



Wool 



Air 


Convection. The third mfethod of transferring heat is called 
convection. You are familiar with it if you have studied the 
chapter on weather. (Seepage 151.) You know that one great ' 
cause for winds is the formation of convection currents. When 
heat is distributed, by convection, the heated particles themselves 
mm, forming a current. Convection currents are formed in 
gases like air, and in liquids like water. We shall find that we 
depend upon convection more than on either of the other two 
processes in heating our homes. 

C. HEATING SYSTEMS 
Problem 7: To study a coal range. (Home.) 

(Note: Any pupil who has not a coal range at home should arrange 

to study one with another member of the class who has one.) 

Directions: 

Part 1: What are the parts of a coal range? 

With the aid of the diagram study the parts of the coal range at 
home. 

Make a careful diagram of it. Label all the important parts. 

Part 2: How do the dampers work? 

Find the ash door damper, the check damper, and the baking 
damper. 






Portions of the range are cut away to show how smoke and 
gases pass into the smoke pipe, and how hot air circulates 
around the oven. Air enters through the ash door damper 
and passes through the burning fuel. If the check damper 
is open, the air enters above the burning fuel, and cools the 
flame as well as checks the draft. 


Adjust the dampers to check a fire. What happens to the smoke 
from your stick? 

Adjust the dampers for baking. Can you trace the circulation of air 
around the oven? 

Questions; 

1. What gas in the air is useful in making the fire burn? 

2. How does air behave when heated? 

3. Why does the smoke go up the chimney? 

4. How can you make the fire burn faster? 

Can you burn furnace coal in your kitchen range? Why?, 
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Problem. 8: To build a fire. 

Directions: 

Part 1: To build a fire at home. {Home,} 

A9k your mother to allow you to build the fire in the kitchen stove. 
What materials do you use? In what order do they burn? Do you 
have any difficulty in making the fire burn? 

Part 2: To build a fire at school. (Class.) 

Let one member of the class build a fire in an old pan at school. 
What materials are used? In what order do they burn? 

Does the coal kindle? Try pieces of different sizes. Can you make 
any of them kindle? 


Questions: 

X, Why must some sort of kindling be used to start a coal fire? 

2. Is the same amount of heat necessary to Bet fire to one piece of coal 
as to set fire to a 
shovelful of coal? 

3. Which size of hard 
coal is easiest to kin¬ 
dle? 


Problem 9: To study a 
gas range. 

Directions: 

Part I: A Bunsen 
burner. (Pupils.) 
Find the parts of the 
Bunsen burner labeled in 
the diagram. Screw off 
the mixing tube to see 
where the gas enters. 
Connect the burner with 
the gas by a rubber tube, 
and screw the mixing tube 
back again. 


AE 


4-b 


0 


-B 






3 -A 


Fig. 180. The Bunsen burner 
The burner consists of four parts: A , the base 
with the gas inlet pipe; B, the mixing tube; 
lul a am. C the air regulator; D, the gas jet or nipple. 

ST’ u Tin. This diagram shows at the left the burner as- 
Lxght the burner. What gembled, and at the right the burner separated 
are the results when you into its parts, 
allow no air to enter at. 

the base? Hold a white dish in the flame. What collects on it? 

Slowly turn the base to allow more air to enter. What are the 
results? 

Adjust the burner to produce a noiseless blue flame. Hold a white 
dish in the flame now. How do you account for the results? 
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Part 2: A gas stove. (Home.) 
Examine a gas stove carefully. 

MIXING ^CHAMBER 
GAS 



-BURNER 


GAS LINE 
^AIR (adjustable) 


Fig. 181. A burner of a gas range 


Find the pipes which admit gas. 

Find the air regulator 
at the front of each 
burner. 

Shut off the air- 
supply from one 
burner. Explain the 
effect on the flame. ' 
Find how to adjust 
the air regulator tJ 
produce a 
blue flame. 


Questions: 

1. What causes the gas to burn with a yellow flame? 

2. What kind of flame gives most heat? Why? 


Problem io: What is the economical way of cooking with gal 

(Class or Home.) 

Directions: Fill two kettles of the same size three-fourths full of water. 
Place them on two burners of a gas stove, and light the gas. Peel Borne 
potatoes and cut them into inch cubes. Then drop the same number of 
cubes into each kettle. When the water in both kettles begins to boil, 
turn down the gas-flame under one kettle so that the water boils slowly, 
and turn up the gas-flame under the other kettle so that the water boils 
rapidly. 

'Which potatoes do you expect will be cooked first? 

Test the potatoes with a fork every few minutes until they are done, 
Keep a record of the time required for each lot. 

With a thermometer find the temperature of the boiling water in each 
kettle, if possible. 

In which kettle is more water evaporated? ' 

What two things are accomplished by the heat? 

Which kettle uses more gas? 

Conclusion: 

What have you learned about economy in boiling food over a gas- 
flame? 


Problem xx: How is my house heated? (Home.) 

Directions: Examine the heating system at home. 

1. What is the source of heat? 

2. Where is the heater located? 

3. How is the heat distributed to the rooms? 
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4. Does the heating system furnish fresh air with the heat? If so, 
how? 

5. If you wish to get more heat, what must you do? 

6. If you wish to get less heat, what must you do? 

7. Are there any disadvantages in the method of heating? If so, 
what are they? 

Diagram: Make a careful diagram of the heating system at home. 
Label its important parts. 

Problem 12: To study a steam boiler. {Pupils.) 

Directions: Inspect the boilers in the engine-room of the school, in an 
apartment house, or at home. 

1. Where does the water enter from the city pipes? 

2. How is the water heated to steam? 

3. Find the water gauge. Make a sketch of it. What is its purpose? 
its importance? 

4. Find the pressure gauge. Make a sketch of it. What is its pur¬ 
pose? 

5. Find the safety valve. Explain how it works. What is its im¬ 
portance? ' 

Questions: 

1. What work is done by the steam generated in these boilers? 

2. What three safety devices are attached to the boiler? 

Problem 13: How is the school heated and ventilated? {Class.) 
Directions: 

1. Visit the furnace-room of the school. Is the school heated by 
steam, hot water, or hot air? 

2. How is the heat distributed to the rooms? 

3. How is fresh air admitted to the rooms? 

4. Does heated air enter the rooms or is the air heated after it enters? 

5. How is the impure air removed from the rooms? 

Summary: Write an account in your notebook about the school heating 
and ventilating system, illustrating with diagrams. 

The stove as a heater. The first stoves were made nearly 
fifty years before the Revolutionary War. They were at first 
just iron boxes with a door at one end and an opening in the 
top to let out the smoke. Then one of our greatest American 
scientists, Benjamin Franklin, invented the "Pennsylvania 
Fireplace,” which is still in use in some places and known as a. 
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" Franklin Stove,” It was really a small open fireplace of iron 
to be placed inside the old fireplace and extend partly out into 
the room. The advantages over the old fireplace were that 
the iron became hot and radiated 
" ' » - heat into the room better than the 

■ f ” •' 1 * brick. It also conducted heat to the 
1 '' T 1 ' layer of air next to it, so that con- 

' ( 1 vection currents were started in the 

, , room with the result that not so much 

of the heat escaped up the chimney. 

An important part of a stove is the 
draft which admits air to furnish 
oxygen enough to burn the fuel. The 
amount of air which enters may be 
regulated by means of dampers. Every 
one who uses a stove should know how 
to regulate the draft to get the most 
heat from the smallest amount of fuel, 
Remember that as any fuel burns gases 
are given off, which in their turn burn 
and give heat. 

, , ,, . A hot-air furnace. The usual fur- 

in at the bottom of the nace [or heating a house by heated air 
and forces the j s really a jacketed stove situated in 
ig er ea air up. ^ b asemen t and supplied with pipes 

which can distribute the hot air all over the house. It is the 
cheapest heating system to install, and is very satisfactory in 
small houses, if the following principles are followed: 

The air should be dbundanl. The volume of heated air which 
enters the room should be large, so that a constant supply of 
fresh heated air may be obtained. Fresh air will not enter un¬ 
less some means is given for the used air to escape. A small 
quantity of air always escapes through cracks and through 
porous walls. A window open an inch or two at the top allows 
pme used air to escape and an equal quantity of warm air to 
nter from the furnace pipes, unless a strong wind forces air 
jfnto the room through the window. 


Fig. 182. A jacketed 
Btove 
A metal jacket around 
the stove improves its 
value as a heater. Convec¬ 
tion currents are started 
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The air should be fresh. Most furnaces admit air directly 
from outside through a cold air inlet. The air becomes heated 
when in contact with the furnace walls, and convection cur- • 
rents are started which carry the heated fresh air to every room 
in the house. A furnace which uses only the air of the base¬ 
ment is unsatisfactory since it does not furnish enough fresh 
air. 


DAMPER' 

SMOKE 
FLUE 


FIRE POT 
WATER PAN 


COLD AIR FLUE 
FROM OUTDOORS 



HOT AIR 
PIPES 

HEATING 

CHAMBER 

OPENING 

FOR 

CLEANING 

CHECK 

DAMPER 

FUEL 

DOOR 


DAMPERS, 
OR DRAFTS 


ASH PIT 


Fig. 183. General plan of .a hot-air furnace 

Only two hot-air pipes can be shown in this drawing; there is, of 
course, one for each room to be heated. The single arrows show the 
course of the air UBed in heating the house; the double arrows, the 
course of the smoke from the burning fuel. How doeB a “one-pipe” 
furnace differ from this type? 


The air should be moistened. As air is heated, its ability to 
hold water vapor increases. (See page 88.) The air may thus 
become too dry. Furnaces are usually provided with a water 
pan, which should be kept full of water. Dryness is felt most 
keenly in temperatures above 68°. 

The pipes to the rooms should run as directly as possible. 
Where angles are necessary, they should be rounded rather 
than sharp. Why? 

Hot-water heating. When houses are heated with hot 
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water, cqnvection currents are used, just as in the hot-air 
system, but the currents are produced in water rather than in 
air 



Fig. 184. A hot-water heating system 

The expansion tank (E) In the attic allows for the expansion of the water 
as it is heated. An overflow pipe permits the escape of surplus water. Ex¬ 
pansion tanks, in many new houses, are located in the basement. Trace the 
movement of water through the pipes and radiators. 

The water heater is usually placed in the basement. The hot 
water flows from the top of the heater through main flow pipes, 
to radiators in the rooms. The water cools as it circulates 
through the radiators and returns to the bottom of the heater 
through return flow pipes. The water is used over and over 
again. 

The rooms are heated both by radiation from the heated 
surface of the radiators, and by convection currents, which are 
started as soon as the layer of air in contact with the radiator 
becomes warm. 

You notice that the hot-water system provides no way of 
keeping the air in the room fresh. This is sometimes accom¬ 
plished by having entrances for air behind the radiators, se 
that the air is heated as it enters and passes into the room. If 
no such system is provided, the windows should be used as 
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ventilators. The air should be kept moist by allowing water 
to evaporate. Dishes of water are often kept on radiators, or 
pans of water may be attached behind the radiators. A good 
way to help keep the air of a living-room moist is to keep a 
growing plant, like a large fern, in the room. Why? 

Since water expands when heated (see page 115) an expan¬ 
sion tank must be provided. It is usually located on the 
upper floor. It must be kept from freezing, or c.n explosion 
may result. Why? 



Fig. 185. A steam-heating system 
Trace the course of the steam to the radiators, and the way the watei 
returns to the boiler. 


Steam heat. Although the parts of a steam-heating system 
look very much like the parts of a hot-water system, the prin. 
ciples of its operation are quite different. In the basement is 
the heater, or boiler, where a fire changes water to steam. 
Instead of being full of water, as is the case with the hot-water 
heater, the steam boiler is only partly full. ■ The water is 
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heated to the boiling point and changes to steam. The upper 
part of the boiler is therefore full of steam. As more water 
changes to steam, the steam pressure increases. Every boiler 
is supplied with a pressure gauge. If the pressure becomes too 
great for safety, some of the steam escapes through the safety . 
valve. The amount of water in the boiler can be seen by look¬ 
ing'at the water gauge. 

Steam is forced by steam pressure up into the steam pipes 
and radiators, which are fitted with valves to control the en¬ 
trance of the steam, 
In the radiator, steam 
is condensed to water. 
Exactly as much heat 
is given off when steam 
condenses as was put 
into the water to 
change it to steam. 
You can see, there¬ 
fore, that the reason 
for the heat in the 
radiator is very differ¬ 
ent from the reason 
for the heat in a hot-water radiator. The room is heated, 
however, in exactly the same way, partly by radiation, but 
mostly by convection currents. 

The condensed water occupies much less space than the 
steam, and therefore more steam constantly enters, as long as 
the valve is open. The water returns to the boiler to be heated 
over again. Sometimes separate pipes conduct the water back 
to the boiler and sometimes the condensed steam trickles down 
the same pipes which carry up the “live" steam. 

As with the hot-water system, the steam-heating system 
provides no means of procuring enough fresh air and moisture. 
Each householder should be sure that his house is well venti¬ 
lated, 

Steam is the best system to use in heating large buildings, 
since hot water and hot air cannot be successfully carried long 



Fig. 186. How the steam condenses to 
water in a radiator 
Which pipe admits the steam? 
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distances. Many buildings can be heated from one central 
heating plant when steam is used. Such systems are used on 
college campuses, and even in sections of some cities. 

The hot-air, hot-water, or steam furnace should always be 
placed in a central part of the basement where the air is warm¬ 
est The pipes should take the shortest lines to the rooms 

with as few turns as possible. , 1 

Gas heaters. Other fuels besides wood and coal are fre¬ 
quently used. In certain sections of the country natural gas 
issues from the earth in such abundance as to be piped to 
houses for use in heaters and in cooking-stoves. Illuminating 
gas is commonly used for cooking purposes and sometimes for 
heating purposes. The modern gas heater is equipped with a 
pilot light. Turning on the mairl burner is done by an electro¬ 
magnet controlled from any convenient place in the house. 
The flame used is the colorless blue flame which is much hot¬ 
ter than the yellow flame, since oxidation is so much more 
rapid. (See problem 9, page 
385.) If you have tried 
problem 10 on page 386, you 
have perhaps been surprised 
to learn that after a liquid 
begins to boil, food cooks 
just as rapidly when the flame 
is turned low enough to allow 
a gentle boiling, as it does 
when boiling violently over 
a high flame. Every one who 
uses a gas stove should real¬ 
ize and make use of this 
fact, in order to use gas 
economically. 

Heating systems which 
bum oil. In sections of the 
country where anthracite is 
difficult to obtain and expen¬ 
sive, oil-burning furnaces are coming into use. They are more 
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expensive to install, but more economical in their operation. 
Figure 188 shows an oil burner. The burner may be installed 
in any heating plant, either hot air, hot water, or steam. The 
burner is easily placed in position in front of the furnace with 
the combustion chamber pushed inside through the ash -pit 
door. 



Oil tank 
Ignition electrodes 
Atomizer nozzl 


Pressure 
control 

[Vo house 
current 
supply 

Oil valve 

Oil supply 
line 


Oil tube 
Burner support Transformer 


Fig. 188. Mechanism of an oil burner 


Types of oil burners. All oil burners may be classified 
under three general types or combinations of them: (i) spray 
atomizers; (2) mechanical atomizers; and (3) generative. 
Spray atomizers break up the oil into fine particles by means of 
either steam or compressed air. Mechanical atomizers force 
the oil under pressure through a small opening. The genera- 
tive type evaporates the oil by means of heat. In the oil 
burner shown in figure 188, the oil coming from the storage 
system is passed through a strainer, then into a pump from 
which it is passed into an atomizing pipe where it combines 
with a stream of air before it is finally delivered to the burner 
oipe in a frothy, foamy mixture. 
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A. Fuels 

1. Wood 

2. Coal 

а. How formed 

б. Kinds 

e. How coal is made to burn 

(i) Economy in burning hard coal 

3. Coke 

4. Oil 

5. Gas 

a. Natural gas 

b, Illuminating gas 

B. HOW ROOMS ARE HEATED 

1. The best temperature for houses 

2. The fireplace as a heater 

3. Three ways of distributing heat 

a. Radiation 

b. Conduction 
C. Convection 

C. Heating systems 

1. The stove as a heater 

a. Cooking ranges 

2. A hot-air furnace • 

a. Principles to be followed 

3. Hot-water heating 

4. Steam heat 

5. Gas heaters 

6. Oil-burning systems 

a. Types of oil burners 


INDIVIDUAL PROJECTS 

Working projects: 

1. Take care of the heating system in your house for a week. 

2. Build the kitchen fire every day for a week. 

3. If your house is heated by steam or hot water, make humidifiers 
for the rooms. One way is to fasten a can by wire behind the 
radiator. Keep it constantly filled with water. 

4. Make a model of a hot-water heating system. 

Use glass tubing for pipes and radiator, a flask and Bunsen 
burner for the heater, and a funnel tube for the expansion tank. 
Place colored water in the flask, and see that all connections are 
very tight. Demonstrate to the cJgss how the heating system 
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5. Make a fireless cooker. 

' Directions may be found in Farmers' Bulletin 771, U.S, Depart- 
ment of Agriculture.. 

6. Demonstrate the principle of a 


thermos bottle. 

Send to firms which make 
them for catalogues, and study 
\ the structure. By means of a 
bottle which can. be taken apart 
and diagrams on the board, ex¬ 
plain the principle. 



-FLASK WITH 
DOUBLE WALLS 

-OUTER METAL 
CASE 
'ACUUM 


Fig. 190. The parts of a vacuum 
bottle 

Why is it made with a vacuum? 



Fig. 189. Longitudinal section 
• through fireless cooker 
. Showing details of the construc¬ 
tion: A, outside container (wooden 
boXj old trunk, etc.); B, packing 
or insulating material (crumpled 
paper, cinders, etc.); C, metal 
lining in nest; D, cooking kettle; 
E, soapstone plate, or other source 
of heat; I'\ pad of excelsior for 
covering top; G, hinged cover of 
outside container. 


Reports: 

1. Procure a coal weigher's certificate and explain to the class just 
how it protects a purchaser of coal. 

2. The development of the stove. 

See Burns's Story of Great Inventions. 

3. The story of coal. 

Diggers in the Earth (pp. 1-10). E. M, Tappan. Houghton. 
Three Industrial Nations (pp. 274-80). L, R. Blaich. American. 

4. The story of oil. 

The Story of Oil. W. S. Tower. Appleton. 

5. Natural gas, 

Find out the sections of the country where it may be obtained, 
how it is piped to houses, and how it is used as a fuel. 

6. Peat as a fuel. 

7. Moisture and heating systems. 

8. The work of an electric furnace. 
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XV 

CLOTHING AND ITS CARE 

Where our clothes come from. Have you ever considered how 
much you are indebted to the rest of the world for the clothing 
that you wear every day? The leather in your shoes may have 
been made from hides which came from India or Argen¬ 
tina. The cotton in your shirts may have been raised in our 
own South or it may have come from Egypt or India. The 
wool in your suit perhaps grew on sheep which grazed in 
Australia or in Argentina. The silk in your dresses or neck¬ 
ties may have been made in France, in China, or in Japan, 
Your handkerchief is made of linen that came from Ireland 
or from Russia. Laborers of many lands toiled to produce 
the raw materials; ships and railroads transported them to 
factories; and there they were made into clothing. 

The science of clothing. As a matter of course you wear 
different kinds of clothing under different conditions, depend¬ 
ent upon the weather and the seasons. To find the real 
scientific reasons behind your choice, solve problems 1-5. You 
will be 1 interested in learning why certain materials are suitable 
for use in clothing, while others are not. Problems 6-8 will 
show you the reasons. 

One of the very useful pieces of information that this chapter 
gives is how to remove grease and stains from clothing. We all 
wish to have our clothes neat and dean at all times; but acci¬ 
dents will happen and things will get spilled — with the result 
that we frequently have soiled spots to remove from coats, 
trousers, and dresses. To care successfully for your own cloth¬ 
ing also requires sdentific knowledge. Laundering, dyeing, 
and removing stains are all chemical processes. Perform 
problems 9-14 to learn the chemistry of these operations. 

Many of the other special sciences contribute to our scien¬ 
tific knowledge of clothing. From botany we learn the part 
the plant world plays in furnishing us cotton, flax, and other 
plant fibers. From zoology we learn the part played by 
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animals, such as the sheep and the silkworm, as well as the 
destructive work of the clothes moth. Physics shows us the 
relation to clothing of heat conduction, of evaporation, of 
water absorption, and of color. 

Many individual projects will suggest themselves to you. 
On the subject of clothes, much has been written on which to 
base reports. Exhibits in museums may be found. A small 
group of pupils might well make a preliminary study in the 
museum, and later show the exhibit to the whole class. Exam¬ 
ine the suggestions at the end of this chapter, and start at once 
to work out your project. 


THE PROBLEMS 

A. On clothing in its relation to the weather. 

1. What is the scientific reason for wearing different 

kinds of clothing in winter and in summer? 

2. How do materials used in clothing vary as conduc¬ 

tors of heat? 

3. Why does the wind chill? 

4. How do differently colored clothes vary in their 

absorption of heat? 

5. How do materials differ in their ability to resist 

water? 

B. On textile fibers. 

6. How does the structure of the cotton fiber fit it for 

use in clothing? 

7. Why is wool suitable for use in clothing? 

8. Why is silk suitable for use in clothing? 

C. On the care of clothing. 

9. How do cloth materials vary in regard to shrinkage? 

10. Why does washing with soap remove grease? 

11. To remove stains by solutioji. 
ii. To remove stains by absorption. 

13. To remove stains by bleaching. 

14. To remove stains by neutralization. 
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A. CLOTHING IN ITS RELATION TO THE WEATHER 

Problem i: What is the scientific reason for wearing different kinds 
of clothing in winter and in summer? (Class.) 

Directions: Find the temperature of your body. (See problem 2 on page 

63-) 

From charts or maps find the average temperature of your locality for 
January and for July. 

Should the purpose of our clothing be to conduct the heat away from 
the body or to keep it near the body in January? in July? 

Questions: 

1. When should clothes be made of materials which are good heat 
conductors? Why? 

2. When should clothes be made of materials which are poor heat 
conductors? Why? 

Problem 2: How do materials used in clothina vary as conductors 
of heat? (Home or Class.) 

Directions: Procure pieces of different materials used in clothing, such 
as cotton, linen, wool, cotton and wool mixture, cotton and linen mix¬ 
ture, leather, etc., also newspaper. 

Fold each piece to make a pad one Inch thick. Place one of the pads 
on a hot surface, the heat of which remains constant. 

Place a thermometer on the pad with the bulb touching the material. 
Watch the thermometer for four minutes, keeping a careful record on a 
copy of the following form. Do not write in .this book. 


Material 


Tempera- 
Ittre at first 


Tempera- 
ture after I 
minute ■ 


Tempera- 
lure after 2 
minutes 


Tamp era- 
lure after 3 
minutes 


Tempera¬ 
ture after 4 
minutes 


Total 

change 


Try each material separately, bringing the mercury back to the same 
starting-place each time by dipping the thermometer in cold water. 
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Try also the conductivity of air, by holding the bulb of the ther¬ 
mometer one inch away- from the heater at the side. Why would the 
results be incorrect if the bulb were held above the heater? 



Fig. 191.. Temperatures in the United StateB in January 
The darker the shading, the lower the temperature. 



Fig. 192. Temperatures in the United States in July 
The darker the shading, the higher the temperature. 
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Summary: 

x. Name the materials tested in the order of their ability to conduct 
heat, starting with the best conductor. 

2. What is the value of layers of air between garments? 

Questions: 

i; Why does kid or leather make a good waistcoat? 

2. Why do folded newspapers under a coat add “warmth"? 

* 

Problem 3: Why does the wind chill? (Class.) 

Directions: Procure two thermometers. 

What is the temperature of the room? 

Support the two thermometers side by side. Under one place a glass 
containing water. Wrap the bulb of the thermometer in a wick of 
absorbent cotton, one end of which is in the water below. The water 
should be at room temperature. What happens to the wick? Why? 

Watch the two thermometers, taking readings every minute. Keep 
a record on a copy of the following form. Do not write in this book. 


In still ait 

Dry bulb 
thermom¬ 
eter 

I Vtl bulb 
IhermoUb 
tier 

In wind 

Dry bulb 
Ibertmm- 
tier 

Wet bulb 
thermom- 
'eter 

At start 

After 1 minute 

2 minutes 

3 minutes 

4 minutes 







What happens to the water that reaches the top of the wick? How 
is the thermometer affected? 

Now try fanning the air, to. imitate a wind. Keep the record in the 
table. Account for any differences. 

Conclusion: Why do you feel cooler in the wind than in still air? 
Questions: 

x. Why does fanning oneself usually produce a cooling effect? 

2. Which is warmer clothing for a windy winter day, two wool 
sweaters or one sweater and a canvas coat? Why? 

Problem 4: How do differently colored cloths vary in their absorp¬ 
tion 0/ heat ? (Class.) 

Directions: Fasten small squares of cloth of different colors, including 
white and black, around the bulbs of thermometers, and leave them in 
the sunlight for two or three minutes. 

Do they absorb heat equally rapidly? Account for any differences, 
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UUSsntma. , . 

1, Why does the color of clothing affect its warmth? 

2. Why are white clothes so popular in summer? 

Problem 5: How do materials differ as to waterproof qualities? 
{Home.) 

Directions: Cut pieces 6X2 inches, using as many different materials 
as possible, including raincoat or cravenetted cloth. 

Place each piece in a glass containing one inch of colored water. 
What causes the water to rise? 

By m pgnH of a rule measure each minute the height to which the 
water has risen. 

Keep a record on a copy of the following form. Do not write in this book. 


Material ^‘‘minuteIn n minutes In 3 minutes In 4 minutes 



Questions: 

1. Name the materials tested in the order of their ability to resist 
water, starting with the most waterproof material. How does the 
ability to resist water depend upon the kind of fiber used? 

2. How does the coarseness of the weave 'affect the ability to resist 
water? 

3. How does special treatment, as in raincoat material, affect the 

. ability to resist water? 

The purpose of clothing, In the previous project we studied 
different methods of regulating the temperature of our homes. 
The reason we heat our homes is to make us more comfortable. 
The clothing we wear ought to serve the same purpose. On 
cold days we wear "warmer," heavier clothing than on warm 
days. We change the weight and kind of our clothes as the 
seasons vary. The materials of which our clothing is made 
are quite different in character and texture. Some materials 
are better for summer; others are more suitable for winter. 
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An envelope of air around our bodies. The usual tempera¬ 
ture of the human body is 98.6° F. (See page 66.) This is 
true whether we live in a warm climate or in a cold climate. 
The cause for this comparatively high temperature is oxidation. 
(See page 76.) The air in contact with the body becomes 
warmed to nearly the body temperature. Our problem in col J 
weather is to keep the body heat from escaping, and in warmer 
weather to hasten the escape of the body heat. Therefore we 
wear dothing of different materials at different seasons of the 
year. 

Clothes as conductors of heat. Consult the table on page 
383. You notice that all the materials of which clothes are 
made are in the list of poor conductors. Yet there is much 
difference in the ability of the different fibers to conduct heat. 
Wool is the poorest conductor, linen the best. The "coolest" 
dothing to wear in summer is therefore made of linen, which 
allows heat constantly to leave the skin. 

The “warmth" of fur and wool for clothing depends not 
upon the fibers themselves, but upon the air which is enclosed 
in all the little spaces and meshes. Air is one of the poorest 
conductors of heat. (See page 383.) Clothing containing air 
is therefore the warmest to wear. An extra garment on a 
cold day adds not only its thickness, but the layer of air 
which is imprisoned beneath it. If the air can be kept in 
place by a windproof outer garment, it is particularly ad¬ 
vantageous. Have you noticed how warm is the combination 
of a sweater and a raincoat? A light down puff is a warmer 
bed covering than a heavier old-fashioned cotton comforter. 
Why? 

Perspiration. The human body possesses an automatic heat 
regulator in the form of the thousands of sweat glands which 
are located in the skin, especially abundantly on the palms of 
the hands and the soles of the feet. Each gland receives from 
the circulating blood some of the water and other waste matter 
from the body cells. (See page 71.) The perspiration, as the 
liquid is called, passes out upon the surface of the skin. The 
temperature of the whole body is thus kept constant, because 




EPIDERMIS 

(outer 

SKIN NOT . 

sensitive) 

NNER 
LAYER OP 
EPIDERMIS 

,-ERMIS . 

(sensitive} 


OIL 

ELANDS 
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when oxidation produces heat in each cell, some of the heat 
as well as the waste matter is immediately distributed by 
the circulating blood. When 
the perspiration reaches the 
skin, it usually evaporates 
quickly. 

The cooling effect of 
evaporation. Why does the nefmj 
wnd chill us, while we are 
comfortably warm on cooler, 
calmer days? It is largely 
because the rate of evapora¬ 
tion is increased. We are 
always perspiring to some 
extent. The sweat glands 
remove from the blood every 
twenty-four hours a little Fig. 193. 
over a pint of water which 
contains waste matter especially in the form of salts. We are 
usually unconscious of the passage of this amount, because it 
is immediately evaporated into the air or absorbed by our 
clothing. 

After hard work or exercise, and in very hot weather, the 
amount of perspiration is greatly increased. Under such cir¬ 
cumstances, we often become uncomfortably conscious of the 
perspiration. 

Air can hold only a certain amount of water vapor, depend¬ 
ing upon its temperature. (See page 88.) The warmer the 
air, the greater amount of vapor it can hold. When the air is 
still, the space just above the surface of the body becomes 
saturated with water vapor, so that no more can enter, and 
evaporation is almost stopped. When the air is moving, the 
water vapor is carried away as fast as it enters the air, and 
evaporation can go on rapidly. Heat is taken from the body 
when perspiration evaporates. The faster the evaporation 
takes place, the faster the body is cooled. 

Clothing which is tightly woven keeps a layer of air im- 


A small portion of the skin 
(magnified) 
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prisoned beneath it. This air becomes saturated with vapor 
and prevents rapid evaporation. In winter closely woven 
clothing is desirable; in summer it is undesirable. Loosely 
woven clothing lets the air in and out, and is therefore "cooler" 
since it allows rapid evaporation to occur. 

The relation between the color of clothes and their warmth, 

. Most of the materials for our clothes absorb some colors in 
sunlight, and reflect others. (See page 349.) ' When all the 
radiant energy is absorbed, it is converted into heat only, 
Black clothes therefore are warmer than colored clothes, espe¬ 
cially in the direct rays of the sun. White clothes, instead of 
absorbing the radiant energy, reflect most of it. You can tbs 
see the scientific reason behind our choice of dark clothes 
for winter and light clothes for summer. 

B. TEXTILE FIBERS 

Problem 6 : How does the structure of the cotton fiber fit it for use 
in clothing? ( Pupils.) 

Directions: Examine a cotton boll. What part of the plant is it? 
What does it contain? Of what use to the plant is the cotton fiber? 

Examine a very small amount of cotton fiber with a compound micro¬ 
scope. Of how many cells does each fiber consist? What is the shape 
of a cell? Make a careful sketch of a fiber, showing the cell wall of 
cellulose , and if possible the remains of the protoplasm. Are the fibers 
. straight or twisted? Why are they well suited for spinning and weav¬ 
ing? 

Condusion: State the characteristics of cotton fibers which make them 
suitable for making cloth. 

Problem 7: Why is wool suitable for use in clothing? [Pupils.) 

Directions: Examine specimens of raw wool, which may be obtained 
from wool manufacturers. 

Examine a few fibers of wool with a compound microscope. Com¬ 
pare the fibers with cotton fibers in respect to straightness and surface. 
Sketch a few fibers, Would wool or cotton fibers mat together better? 
Why? 

Conclusion: What characteristics of wool fiber make it suitable for 
cloth-making? 
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Problem 8: Why is silk suitable for use in clothing? {Pupils.) 

Directions: From what is silk made? 

Examine a few silk fibers from a cocoon with a compound micro¬ 
scope. How many filaments compose one fiber? From what you know 
about how the worm spins the silk would you expect this? Is silk fiber 
twisted like cotton? Is it serrated or jagged like wool? How can you 
distinguish it from the other fibers'? Make a sketch to show its appear¬ 
ance. 

Conclusion: What characteristics of silk fiber make it suitable for 
making cloth? 

Question: Of what use is the silk filament to the silkworm? 


Makers of fibers. The fibers which come to us from all over 
the world are produced either by plants or by animals. We 
may classify the most important as follows: 


VcsetabU fibers 

' Animal fibers 

Cotton 

Wool 

Flax 

Silk 

Hemp ' 

Fur 

Jute 


Sisal hemp 


Ramie 


Artificial silk (rayon) 



Cotton, the leading plant fiber. The seeds of the cotton 
plant ripen in a tightly closed green pod 
or boll. When the seeds are ripe the 
boll opens and reveals the snowy mass 
of cotton. 

The fluffy fiber is nature’s way of in¬ 
suring the scattering of the seed. Each 
fiber consists of a single cell, fastened at 
one end to the seed coat. When exam¬ 
ined with a microscope, each cell is seen 
tobe a hollow tube, flattened and twisted, 
somewhat like a tiny fire hose. The twist 
in the fiber makes it valuable for spin- 
ning into yam which can be woven into r ^‘ co onp * 
doth, because the hairs remain in place, and help to make the 
doth elastic. 
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The advantages of cotton for use as a fabric are three: (i) itfc 
the most easily cleansed of all of the fibers; (a) it 
can be mercerized to resemble silk and finished 
to resemble linen and even wool; (3) the fibei 
is thin and fine, and so can be used for fine fabrics 
suitable for hot climates. 

Fig. 195. A cot- Different grades of cotton. There are, man y 

ton fiber varieties of cotton, the most important of 
which are Sea Island, American, Egyptian, Peruvian, and 
Chinese. 

Sea Island cotton is considered the best as regards quali ty 
and strength. It is called Sea 
Island because it comes from 
islands off the coast of South 
Carolina and Georgia. It is 
noted for its length of staple 
(averaging two inches), its 
strength, 'fineness, softness, 
and luster, and because it takes 
mercerization better than any 
other grade of cotton. Because 
of these qualities, it is used in 
fine dress materials, in some 
high-grade underwear mate¬ 
rial, and in laces. Because of 
its strength it is widely used 
in making automobile tires. 

Egyptian cotton ranks next. 

It is strong and silky, not quite pig, I9 6. How cotton fibers vary 
so long as Sea Island, but is in length 

cream-colored. It is therefore (1) Sea hland cotton; (a) Egyptian 
. . , , cotton; (3) American cotton; (4; 

used in knit goods, some un- Chinese cotton; (5) Peruvian cotton. 

derwear, stockings, some high- 

grade ginghams, and in other fabrics where a pure white color 
is not necessary. 

American cotton is a medium quality of cotton used in most 
medium-priced cotton fabrics. 
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The other cottons are coarser. Chinese and Peruvian cotton 
are very stiff and wiry. These are used to mix with wools, the 
coarser grades being used in carpets. 

Flax, a plant-stalk fiber. Other parts of plants besides 
seeds produce fibers. The important plant fibers, aside from 
cotton, are produced on the inside of stems. The 
best-known is the flax, which furnishes us our 
linen. 

Flax, which is grown widely in Ireland, is an 
annual plant which grows from twenty to fifty 
inches high, and has a lovely blue flower. Long¬ 
fellow has written about a little girl: "Bluewere 
her eyes as the fairy flax." The fiber comes from the innpr 
bark, and is composed of tiny cells in long rows which help to 
stiffen the bark. The fiber is nearly pure cellulose, since it 
consists of the thickened walls of hundreds of cells. 

The advantages of linen as a fabric for warm climates are 
three: (1) it is the best conductor of heat and therefore permits 
the heat of the body to escape; (2) it absorbs perspiration very 
readily because of the high degree of capillarity; (3) water evap¬ 
orates from it quickly, thus cooling the body. 

Other plant fibers. The fiber which furnishes the cheapest of . 
all fabrics is jute, which comes to us from India. It is used for 
the making of burlap and gunny sacks. When jute is well pre¬ 
pared it may be mixed with silk to make a cheap quality of silk 
fabric. Some is used, too, in making carpets and rugs. 

One of the best of all plant fibers is the ramie, or China grass. 
It is twice as strong as hemp. It is the most rainproof fiber 
known- It is as smooth as silk. It can be raised in the tropi¬ 
cal heat of India, and the cool fields of Normandy. Yet, with 
all these advantages, ramie is used but little, in comparison with 
other fibers. The reason is the great difficulty with which the 
fiber is separated from the gummy substances of the stalk. If 
some genius can invent a machine to perfect the separating 
process, he will release to the world a fiber which will rival 
cotton, flax, and silk in popularity and usefulness. 

Wool. Wool is the coat of the sheep. Originally, thou- 



Fig. 197. 

A linen fiber 




Fig. 198. 
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sands of years ago, sheep had both an outer coat of 
coarse hair, and an inner coat of wool. In some hot countZ 
sheep have hair only, like deer or cows. The best wool is de 
veloped in cold countries, where it is necessary to the animals 
— for warmth. By long breeding and selection sheep 
have come to have a coat chiefly of wool. P 
When you look at wool under a microscope 
you see that it is not a one-celled fiber, like cotton 
but is composed of hundreds of cells overlapping 

A wool fiber ^ ^ SCales , 0n a pine Cone - Th e fact that 
each cell extends a little from the fiber maln^ . 

wool very valuable in making cloth, because the fibers mat 
together. 

Woolen clothing is best for coldclimates for three reasons: M 

wool is a poorer con- '' 1 • - 

ductor of heat than the 
other fibers; (2) it has- 
the power of absorbing 
moisture without feel¬ 
ing wet, the moisture 
probably being held 
. under the scales; (3) 
water does not evap¬ 
orate from it quickly, 
so the body is not 
copied. 

Silk. The story of a 
Chinese empress who 
lived before 2500 b.c. is 
the story of the begin¬ 
ning of our knowledge 
of silk. One day when 
she was walking in the 
palace garden she dis¬ 
covered a strange and 
Ugly “worm,” It was 



Fig. 199. Bolling cocoons and reeling 
silk 

In a great modern silk factory in Japan 
1 hese girls work long hours every day for a 
few cents, Much of the labor must be done 
by hand. {Keystone.) • 


small, pale green in color, and was feeding greedily on a mulberry 
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leaf. Instead of screaming and running away from the ugly 
creature, she called the Emperor, and together they watched 
the insect until finally it spun a fine silken cocoon. The story 
goes that it was the Empress who took the cocoon and succeeded 
in reeling the filament from it and weaving it into silk. To this 
day she is called the “Goddess of the Silkworm,’’ and a feast 
in her honor is celebrated every year at the season when the 
silkworm eggs are hatched. 

The silkworm is really not a worm at all, but one of the stages 
in the life of a moth. Like all moths and butterflies, the insect 
passes through four stages before its life is complete: the egg, the 

caterpillar, the pupa, and the rr- 

aduUmoth. It is in its prep¬ 
aration for the pupa stage \ ; ; * 

that the silkworm makes BHP* 1 

the wonderful silk filament. T . i % _ 

First the worm loses its ap- iXXfllMl*: V 
petite, shrinks nearly an * /“i 

inch, and restlessly hunts g flgPISfe; ; {l , 

for a place to attach the |V- ■ J 

first threads of the cocoon 1 * 

which is to cover it while *'*• 

it passes through its trans- . t M ilf / - P 

formation. rn * 

The caterpillar’s food is 

mulberry leaves. Silk is --- — - 1 

secreted by special glands 200 . Inspecting Rayon yarn 
in the head, and the jelly- Ontho next natrevou will find the storv 


' -. Ewing GaUovmy 

secreted by special glands j^g. 200i inspecting Rayon yarn 
in the head; and the jelly- On the next page you will find the story 

like mass is drawn from a of rayon, which is now used more ex- 
tiny double opening below tenslveI y than real silL 
the mouth. As soon as it reaches the air it hardens into a 
yellowish thread. You would be particularly interested in 
watching the caterpillar spin, for it moves its head incessantly, 
sixty-five times in a minute, and keeps up its work for about 
three days. When the worm has finished spinning, it is only a 
little over an inch long. It is entirely protected in a silken case 
which is tough and waterproof. 





Fig. 201. 
A sDk fiber 
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It takes nearly three thousand cocoons to make a pound of 
reeled silk. Laborers must watch every stage and must reel 
the silk from the cocoon largely by hand. Only in countries 
like China, Japan, and India, where labor is 
plentiful and cheap, can silkworms be profitably 
raised. 

The advantages of silk for clothing are three: 
(1) it is the most beautiful of all the fibers; (2) it 
is a poor conductor of heat, but is so strong that 
it may be woven in very light fabrics; (3) the 
fiber is so smooth that it keeps clean better than the rougher 
wool, cotton, and linen, 

Rayon. An interesting fabric has been recently invented to 
compete with silk. Silkworms transform their food, consisting 
of mulberry leaves, into the beautiful silk fiber by means of life 
processes which take place within their bodies. Chemists have 
learned to imitate these processes. They use 
other vegetable cells, sawdust or cotton waste, 
transform them by chemical processes into a 
jelly-like mass, and convert it into delicate fibers 
by driving it through very small holes in a glass 
screen. The filaments can be reeled and woven Fig. 202. 
like real silk. Perhaps you are wearing clothes ^ r ayon fiber 
made of artificial silk, or rayon, for already this new fabric is 
used in America more than real silk. 

The history of its invention, like that of so many other valu¬ 
able inventions, shows long and persistent effort. 

After a tremendous amount of work, especially in France, 
England, and Switzerland, a French count, Hillaire de Char- 
donnet, succeeded about 1885 in producing a fiber which, at 
that time, was the best and which is considered the first really 
useful artificial silk. As a matter of fact part of his process is 
still being used. 

Great hopes were attached to this new invention. The entire 
world was pictured as dressed in cheap, silk-like garments. A 
few unfortunate accidents, however, nearly ruined the future of 
the invention. The new fiber was to all intents and purposes 
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othing but gun cotton, highly inflammable and very dangerous. 

In a few instances when sparks from a cigar or match fell on it 
several people were terribly injured. Fortunately processes 
were perfected about 1893 by which the fiber was, as it is called, 
"denitrated.” This was nothing but making the article less in¬ 
flammable. To-day rayon is not any more dangerous than any 

other textile. , , , 

There was another problem, however, to solve before rayon 

could hope for success. It is true it had a silk-like appearance 
and gave fairly good service when dry, but as soon as it became 
wet or even damp, it had no strength and tore under a slight 
pull. This fault has t»een remedied to a great extent, but not 
entirely.' Even to-day the customary rough-and-ready way to 
tell rayon is to moisten it between the lips. If the yarn tears 
more easily when wet than when "dry, it is rayon. Cotton, wool, 
silk or linen are not weakened immediately by dampness. 
Rayon will absorb water readily, and is therefore very suit¬ 
able when made into underwear. Rayon can readily be dyed 
and waterproofed, is more lustrous than silk, and does not 
turn yellow like silk. The United States now produces and 
consumes more rayon than any other 
country. 

Bemberg. Another artificial silk, so 
like real silk that it is difficult to tell 
the difference, is called Bemberg. It is 
made from the fibers of cotton close to 
the seed which are so short that they 
are not useful for making into thread. 

In the process of manufacture very pure 
water is needed. Therefore a location 
near the cotton belt having unusually 
pure water was desired. Elizabethton, 

Tennessee, had this advantage, and is 
now the site of a large Bemberg manu¬ 
facturing plant. 

Other animal resources for clothing. 

The earliest clothing worn by man was 
probably the skin of some animal. Through all the ages we 
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have valued skins. The thick hides, windproof, largely water¬ 
proof, and durable, furnish us our shoes, our gloves, and in 
many cases coats, waistcoats, and caps of leather. Fur, warm 
because of the air held between the hairs, is the best winter 
clothing we have. 

C. THE CARE OF CLOTHING 

Problem g: How do cloth materials vary in regard to shrinkage? 

(Home.) 

Directions: Cut samples of unshrunk cotton, wool, linen, and silk ol 
equal size. Measure width and length. 

Wash the samples in hot water and soap. When dry, measure again. 
Keep records on a copy of the following form. * Do not write in this book. 



BEFORE WASHING 

AFTER WASHING 


Length 

Width 

Arm 

Length ' 

Width 

Am 

Cotton 

Wool 

Linen 

Silk 








Calculate how much each material would shrink in a yard. 

Question: What does this problem show you about the way to treat 
materials before making them into clothing? 


Problem io: ~Why does washing with soap remove grease? [Pu¬ 
pils.) 

Directions: Put about an. inch of water in a test-tube. Pour a little oil 
on the water. Do the liquids mix? Shake the tube vigorously. De¬ 
scribe the emutsion which results. Let the tube stand a short time. 
Describe the results. Is the emulsion permanent or temporary? 

Put about an inch of soapy water in a test-tube. Pour in a little oil. 
Do the liquids mix? Shake the tube vigorously, and let it stand. Is 
the emulsion permanent or temporary? 

Questions: 

1. How does soap act on grease? 

2. When you rinse the soap out, what happens to the grease? 

Problem n: To remove stains by solution. [Home.) 

Directions: Stain cloths in several ways, and remove the stains as 
directed in the table below. Bring samples of goods to school to show 
stained condition and the condition after stains were removed. 
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™” Sttit! 

Solvent 

Directions 

Blood. 

Water, cold. 

Soak in salt water; wash with 
warm water and soap; boil. 

Coffee and tea. 

Water. 

Hold over bowl and pour boiling 
water through. If stain is set, 
put salt and lemon juice on 
stain, and pour boiling water 
through. 

Dye from other 
articles. 

Water. 

Soak in cold water twelve hours; 
dry in sun. 

Fly paper. 

Fruit stains. 

Benzine.' 

Sponge with plenty of benzine. 

Use boiling water over bowl. If 
set, use Javelle water. (See 
problem 13.) 

Water, 

Grass stains. 

Water. 

Alcohol. 

Use cold water without soap. If 
stains are set, emulsify -in al¬ 
cohol. 

Grease. 

Water. 

Benzine. 

Ether. 

For grease stains on white cotton 
or linen, use soapsuds or weak 
lye to dissolve. On colored 
cotton or linen use luke-warm 
soapsuds, but do not attempt 
to use lye on colored material. 
For colored woolen use luke¬ 
warm water and soapsuds of a 
good neutral soap and be very 
careful not to rub the soap on 
woolen material. To remove 
greaBe from silk use benzine or 
ether. 

Machine oil. 

Water. 

Use cold water, ammonia, and 

Ink. 

Milk and benzine. 

Turpentine. 

Sponge with milk until jnk is re¬ 
moved, then use benzine to re¬ 
move grease of milk. 

Soak spots several hours, then rub 
with hands. 

(Note —Inks differ in composi¬ 
tion. One treatment may re¬ 
move one kind of spot and fail 
to affect another kind of ink 
spot.) . 

Iodine. 

Alcohol. 

Wash with alcohol, and rinse in 
soapy water, then clear water. 

Paint. 

Turpentine. 

Sponge with plenty of turpentine. 
Soak stain in cold water, wash 
with borax, and expose to sun¬ 
shine. 

Perspiration. 

Water. 

Rust. 

Benzine. 

Use mixture of ben'zine and borax. 

Tar. 

Turpentine. 

Rub turpentine in; wash in water 
or benzine. 
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Problem ia: To remove stains by absorption. [Home.) 


Directions: Stain cloths with greases of different kinds and remove the 
stains as directed in the table below. 

Bring the results of your experiment to school to exhibit to the rlaa, 


Slain 

Absorbent 

Blood. 

Starch paste. 

Grease. 

French chalk, 

Machine oil. 

Lard. 

Ink. - 

Tallow or paraf¬ 
fin. 

Hectograph ink. 

Bon Ami. 

Mildew. 

Paste of soap and 
chalk. 

Scorch. 

Starch paste. 

Tar. 

Lard. 


Directions 


For blood stains on heavy mate¬ 
rials, apply a paste of starch 
and warm water, let dry, and 
brush off. 

Put chalk over-spot, and hold hot 
iron over chalk. 

Cover spots with lard; let stand; 
wash in cold water and soap. ' 

Dip fabric in melted tallow; tnen 
wash with soap and warm 
water. 

Rub the spot with Bon Ami, then 
rinse in clear water. 

Make a paste of 2 parts Boft soap, 
2 parts of water, and 1 of chalk. 
Rub into goods. Keep damp 
until stain disappears. 

Make paste of boiled starch, let 
dry on, and wash. 

For stain on white goods, cover 
stain with lard; after several 
hours, wash. For stain on 
colored goods, wool, linen, or 
cotton, first rub with lard, then 
soap it well, and after a time 
wash alternately with water 
and with turpentine. For 
stain on silks use a similar 
treatment, using benzine in¬ 
stead of turpentine. The water 
must fall from a height. 


Problem 13: To remove stains by bleaching. [Home.) 

Directions: A good bleaching liquid for white cotton goods is Javellt 
water. Enough for each member of the class to obtain a small bottleful 
can be made as follows: 

Dissolve one half pound chloride of lime in one quart of cold water. 
Dissolve one pound of sal soda in one quart of boiling water. Stir the 
two solutions together thoroughly, and let the mixture stand overnight 
Pour off the clear liquid and bottle. 

Make a weak solution of Javelle water by adding one teaspoonful to 
one quart of water. Soak the cloths in it, rub the stains, and wash in 
dear water. 
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Stain cloths of cotton, silk, linen, and wool, as shown in table below. 
Remove the stains as directed. 

Bring the results of your experiment to school to exhibit to the class. 


Slain 

Fruit. 

Fruit. 

Peach. 

Grass, 

Ink or rust on 
white goods. 

Hectograph ink. 

Indelible ink. 

Mildew. 

Perspiration. 

Rust. 

"yellowed" white 
clothes. 


Bleaching Agent 

Javelle water. 

Sulphur dioxide. 

Salts of lemon 
and sun. 

Javelle water. 

Lemon juice and 
sun. 

Cream of tartar 
and sun. 

Javelle water. 

Javelle water. 

Javelle water. 

Javelle water. 

Kerosene. 


Directions 


Use equal quantities Javelle 
water and water, with a little 
vinegar. 

Hold stain over fumes of sulphur. 

Moisten spot, rub in salts of 
lemon, leave in sun. Wash 
with Balt and warm water. 

Use equal parts water and Javelle 
water. 

Cover spot with salt. Rub with 
lemon juice; lay in sun. Rinse 
with cold water. 

Boil in strong cream of tartar 
water. Rinse, lay in sun, keep, 
ing it wet with cream of tartar 
water. Soak over night in sour 
milk. Rinse next morning and 
sun all day. Wash. 

Use equal parts water and Javelle 
water. Rinse well. 

Wet the stain with Javelle water, 
lay in sun. Keep moist. Rinse. 

Use one part Javelle water to four 
parts hot water. 

Use equal parts water and Javdlfl 
water. 

Mix equal parts of kerosene, clear 
lime water, and turpentine, 
shaking until creamy. Add 
1 cupful to boilerful of clothes. 


Problem 14: To remove stains by neutralization. 

Directions: 

Part 1; What is a neutral substance? {Pupils.) 

Examine bottles containing acids, bases, and salts. 

With the end of a glass rod put a drop of acid on a piece of litmus 
paper. This is a land of paper used in chemical laboratories to test 
add, alkaline, and neutral substances. What is the effect on litmus 
paper? 

Put a drop of an alkali on the litmus paper. What is its effect? 

Put a drop of water on the litmus paper. Has it any effect? Water 
b neutral, that is, neither an acid nor an alkali. Most salts are also 
neutral. 

Part 2: What substances are'acid or alkaline? {Pupils.) 
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Place a bit of the substance that you wish to test on a piece of moiBt 
litmus paper, and observe the colors, Record your results in a copy Q [ 
the following table. Do not write in this book. 


ACIDS 

ALKALIES 

neutral,, 





Part 3: To neutralize stains. (Home.) 

Stain pieces of colored cloth with some of the acids and alkalies that 
you have found. 

To the add spots add A drop of ammonia. What are the results? 
To the alkali spots add a little lemon juice, vinegar, or oxalic acid. 
What are the results? 


Try removing stains as directed in the table below. Exhibit your 
results to the class. 

Slain 

Directions 

Acid. 

Vinegar. 

Lime, lye, or washing soda. 

The stain usually turns red. Rub 
gently with dilute ammonia. 
Wash in ammonia water. 

Drop vinegar, lemon juice, or oxalic 
acid on spot, and wash with water. 


Clean dothes. When you have a new suit, you are very 
careful at first to keep it fresh, clean, and free from spots. The 
attractiveness of your appearance depends largely upon the 
condition of your dothes. Equally important is the fact that 
your comfort and health often depend upon the condition of 
your dothing. Soiled garments which are filled with perspira¬ 
tion, containing the waste matter of the body, become stiff and 
rough and thus may irritate the skin. Soiled garments are 
espedally dangerous if there is the slightest cut or eruption on 
the skin. It is well worth while, therefore, for every one to 
know how to keep his dothing dean and free from spots. 
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Water as a cleanser. The great cleanser ia water. Washing 
is never satisfactory unless water is used in abundance. It 
should be clean and soft. Rain water is always soft, because it 
contains no salts in solution. 

If the water is hard (see page 129), it can be softened by boil¬ 
ing, or, in the case of permanent hardness, by the addition of 
borax, ammonia, or washing soda. 



Fig. 204. A kettle of soap in the making 


This kettle holds 350,000 pounds of soap, enough to fill ten freight- 
cars. During the two weeks that the soap remains in the kettle, it is 
boiled several times,-and a chemical change takes place which trans¬ 
forms the fat and alkali into soap and glycerine. The glycerine is 
drawn off from the bottom of the kettle and the soap is drawn off 
from the top. 

The action of soap. The secret of soap-making has been 
known to the human race since very early times. Iiideed, the 
process is no secret; it may be briefly expressed thus: 

Fat + lye = soap + glycerine. 

Fats are obtained from animals and from certain vegetables, 
ns the olive oil, palm oil, and cotton-seed oil. Lye is a product 
made by treating wood ashes with lime. When combined in 
just the right proportion, the fat and the lye act on each other 
chemically and produce the new products, soap and glycerine. 
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When-soap is used for cleansing purposes, its value is chiefly 
in removing grease. If you cover your hands with grease, and 
try to clean them by holding them under running water, you 
will find that they are still greasy. If you rub them with soap, 
however, and rinse them with running water, you can cleanse 
them quickly and easily. The soap breaks up the oil or grease 
into small drops, coats each with a fine soap film, apd so enables 
the water to Wash them easily off the hands. With the droplets 
of oil goes any dirt which has become attached, but not ground 
into, the skin. Oil or grease which is broken up into small drop, 
lets is called an emulsion. The value of soap is that it forms an, 

, emulsion with oils. 

How to remove stains. Four general methods of removing 
stains are in use: solution, absorption, bleaching, and neutralisa¬ 
tion. 

1. By solution. The commonest way of removing stains is 
by dissolving the stain in some solvent. Remember that to re¬ 
move a stain takes time. Do not expect any solvent to remove 
a stain in an instant. You must use plenty of the liquid, and 
you must be sure to remove all the solution from the fabric; 
otherwise you will not remove the stain, but spread it. The 
best way is to start at the edge of the spot, and work towards 
the center. 

2. By absorption. The reason that stains are removed by 
absorption is capillary action, which draws the stain up into 
■the absorbent. (See page 182.) The stains most commonly 
removed in this way are grease spots. Absorbents that may 
be used are blotting-paper; a paste'made of starch and gasoline 
or water; or French chalk. Heat from a flatiron is often used to 
melt the grease to a liquid. 

3. By bleaching. Stains which cannot be dissolved or ab¬ 
sorbed may sometimes be bleached. Housewives have long 
known the bleaching action of the air, sun, and dew. Sulphur 
burned to form sulphur dioxide fumes may be used to bleach 
straw hats and silk or wool cloth. A common household bleach¬ 
ing agent is Javelle water, which sets free some of the gas 
chlorine, which has strong bleaching powers. For directions for 
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m aWng - Javelle water, see problem 13 on page 416. It may be 
used only on white goods. 

4. By neutralization. A fourth method of removing spots is 
by neutralization. If you apply the simple litmus paper test, 
you find that all the substances which you test are either acid, 
alkaline, or neutral . Acids and alkalies are exactly opposite in 
character and when put together in the right proportion they 
produce a neutral substance. Spots are often caused by acids 
and alkalies. The treatment is to apply a weak solution of the 
opposite kind of substance. 

How fabrics are dyed, How many people if asked, "What 
is a dyestuff," could answer the question intelligently? In the 
old days when dyestuffs were few and those practically all de¬ 
rived from such well-known sources as trees, herbs, etc., one 
could easily say that indigo came from the leaves of an indigo 
tree, that Persian berries grew on a bush, or that cochineal was 
coloring matter taken from a small insect, and this explanation 
would perhaps be satisfying to the person looking for informa¬ 
tion. In this day, however, such an answer would not be cor¬ 
rect, and if one spoke correctly and said that the dyes come 
usually from coal tar, this would not be very explicit. 

Coal tar is about as little understood as the dyestuffs them¬ 
selves and, in fact, it seems almost incredible that the beautiful, 
brilliant colored dyes can be obtained from such a dull, somber 
material as coal. Not very many years ago coal tar was con¬ 
sidered an obnoxious by-product in the manufacture of gas and 
was thrown away. To-day, coal tar is one of the most valuable 
products.derived from coal. Indeed it would pay to manu¬ 
facture coal tar and discard the gas. 

In the production of the coal tar and illuminating gas, the 
coal is placed in large iron retorts, which are closed and then 
heated to such a high temperature that the gas is driven off. 
This carries with it the coal tar in the form of vapor. The 
gases and vapors are carried through pipes, which are cooled by 
immersing in water, or, sometimes, merely by coming in contact 
with the cold air. When the gases cool, the coal tar is deposited 
on the sides of the pipes and is drawn off ,into tanks. Each 
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dye represents long study and careful research, for each must 
be manufactured in a different way. The manufacturers of 
dyes have so simplified and perfected the process of using dyes 
that any one can successfully dye materials by carefully follow- 
ing directions. 

Clothes moths, One of the housewife’s greatest enemies is 
the clothes moth. Like all moths, this pest passes through four 
stages in its life history. The eggs are laid by the adult female 
moths on clothing, especially wool and fur. When the eggs 
hatch, the larva, or tiny caterpillars, proceed to eat the fibers 
of wool or fur. We are all familiar with the " moth hole" which 
results. After the larva is full grown, it changes to a pupa and 
finally to the adult. 

By the use of camphor balls and cedar bags moths may be 
kept from attacking clothing. Be sure to hang all winter cloth¬ 
ing in the sun for several hours and brush carefully afterwards 
before putting away for the summer. If there are no moth 
eggs upon them, garments may be kept safely in newspaper, 
sealed air-tight by paste or glue, or in unbleached muslin. 

A number of liquids are for sale, which are claimed to kill 
moths and moth eggs. To be effective, they must be applied 
frequently and thoroughly. 

REVIEW OUTLINE 

THE SCIENCE OF CLOTHING 

A. Clothing in its relation to tiie weather 

1. The purpose of clothing 

а. In cold weather 

б. In warm weather 

2. Clothes as conductors of heat 

3. Clothing in relation to the evaporation of perspiration 

a. The cooling effect of evaporation 

4. The relation between the color of clothes and their warmth 

B. Textile fabrics 

1. Cotton 

o. The cotton plant 

b. Advantages 

e. Grades, 
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2. Linen 

a. The flax plant 

b. Advantages 
3- Jute. 

4. Ramie 

5. Wool 

a. Advantages 

6. Silk 

a. How silk is made 

b. Advantages 

7. Rayon 

a. How it is made 

b. Advantages 

* 8. Bemberg 

a. Advantages 
C. The case of clothing 

1. Cleanliness 

a. Water as a cleanser 
. b. The action of soap 

c. How to remove stains 

(1) By solution 
- (2) By absorption 

(3) By bleaching 

(4) By neutralization 

2. How fabrics are dyed 

3. How to guard clothes from moths 

INDIVIDUAL PROJECTS 

Working projects: 

1. Make a collection of cotton materials used for clothing. Cut the 
samples to the same size, and mount them on cards. Under each 
sample print the name, the width, and the price. 

2. Make a similar collection of woolen materials. 

3. Make a collection of linen materials. 

4. Make a collection of silk materials. 

5. Make a collection of materials containing two kinds of fibers. 

6. Visit a factory where textiles are manufactured. 

7. Procure from the Department of Commerce at Washington moving 
pictures showing the manufacture of textiles. Have the film 
shown on the school machine or in a local theater. 

8. Dye a garment, following directions which accompany the dye. 

9. Stencil a design on a fabric. Instructions can be obtained from 
reputable manufacturers of dyes. 

10. Form a Home Economics Club. Write for instructions to the Office 
of Extension Work, U.S. Department of Agriculture, Washington, 
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UNIT FIVE 

THE WORK OF THE WORLD 


XVI 

WORK WITH EVERYDAY MACHINES 

% 

Machines in our homes. If you were obliged to do all the work 
of your home without a machine to help you, you would find 
that you could accomplish very little. In the first place, youi 
home in a machineless world would be very different from 
what it now is. It could not be built of wood, for there would 
be no saws or axes to cut the wood; it might be a cave, or a hut 
constructed of natural field stone plastered together with mud. 
Your table manners would be very poor; you would be obliged 
to use your fingers entirely, since knives, forks, and spoons are 
machines. Even the crude flint knife of the Indian is a ma¬ 
chine. Your food could consist only of berries and of roots 
pulled from the giound, with what birds, fish, and small ani¬ 
mals you could catch with your hands. For clothing you would 
be obliged to depend on leaves or bark from trees. You would, 
in fact, be a savage of a very low order. 

Contrast with that picture the buildings in a modern city. 
Built of brick, cement, and steel which themselves require com¬ 
plicated machinery for their making, they tower high above the. 
streets where electric cars, great motor trucks, and pleasure 
cars swiftly pass. Over the heads of pedestrians or in under¬ 
ground conduits are wires transmitting power from distant 
stations to run the vast machinery of the city. Pianos, ele¬ 
vators, telephones, radio, lighting systems, and countless other 
devices of our modern homes are themselves machines and de 
pend upon machinery for their operation. 

Even the humblest cottage in the country contains mahy 
machines. The nails and screws which fasten the house to¬ 
gether, the doorknob or latch,.the axe, the grindstone, the 
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wheelbarrow, the plough, the hoe, the spade, the shears, all are 
machines, We live, as has been said, in an Age of Machinery, 
The farmer uses machines in planting, cultivating, and harvest- 
hng his crops. The makers of manufactured foods use ma chine 
Machines produce our boots and shoes, and weave the ma¬ 
terials of our clothing; others carry us from place to place; and 
still others print and bind our books, magazines, and news¬ 
papers. It would, in fact, be impossible to mention a single ne¬ 
cessity or comfort of modern civilization which does not depend 
upon machines for its production. 

Most boys are interested in machines. To some girls, how¬ 
ever, a machine seems a remote, puzzling thing, an understand¬ 
ing of which is not needed in their daily lives. Yet such is not 
the case. There are many household machines, which girls 
must understand to use intelligently. 


THE PROBLEMS 

A. On how work is done. 

1. What are the causes of resistance to work? 

2. To find machines in the schoolroom. 

3. What machines are used in my home? 

B. On MACHINES —LEVERS. 

4. To study a simple machine, the lever. 

5. What are the advantages of using a lever? 

6. To weigh an article. 

7. To study three types of levers. 

8. To study a crank and axle machine, the egg-beater. 

9. How do pulleys work? 

C. On machines — inclined planes. 

10. To use an inclined plane and find its advantage. 

11. To study a wedge — the knife-blade. 

12. To study a screw. 

D. On complex machines. 

13. What are the parts of a sewing machine? 

14. To use a sewing machine. 

15. To experiment with a pendulum. 
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How Work is Done 

A. HOW WORK IS DONE 

Problem i: What are the causes of resistance to work? (Class 
or Home.) 

Directions: 

1. Try to lift yarious articles in the room. Are you able to lift them 
all? Give reasons. 

2. Set various articles, such as an eraser, a ball, a stone, a ruler, etc,, 
in a row on the floor or on a large table. By means of a yardstick 
or meter-stick push them all with about the same amount of force. 
Do they all move the same distance? Give reasons. 

3. Place a card over an upturned glass with a coin in the center of the 
card. Snap the card aside. What is the result? Which was 
stronger, the force applied to the card, or the inertia of the coin — 
that is, its tendency to remain at rest? 

Roll a heavy ball along the floor. With a ruler strike it sharply at 
right angles to its direction of motion. What is the result? Which is 
stronger, the force applied at right angles or the inertia of the moving 
ball — that is, its tendency to remain in motion? 

Conclusion: Name three causes of resistance. 

Questions: 

1. Why is sand put on icy sidewalks? 

2. Why do cars slip on rails which are covered with leaves? 

3. Why do chains on automobile tires prevent skidding? 

4. Why do automobiles skid more in turning corners than when 
going ahead? 

5. Why should the working parts of an automobile motor be kept 
immersed in oil? 

Problem 2: To find machines in the schoolroom. (Class.) 

Directions: Do you see any machines in the schoolroom? Name them. 
(Note: A machine, as scientists understand the term, is any device 

which lightens the labor of man, or gives him more efficiency to do 

his work.) 

What devices can you now find in the schoolroom which, according to ■ 
this definition, are machines? 

Problem 3: What machines are used in my home? (Home.) 

Directions: Examine the different rooms in your house, and their furnish' 
ings, to discover the machines which are used to help do the work of the 
house. Classify in the following way the machines found: 

1. Machines in the kitchen and pantry, 

*. Machines in the dining-room. 
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3. Machines in the living-rooms. 

4. Machines in the bedrooms. 

5. Machines in other parts of the house. 

6. Machines used out-of-doors. 

7. Machines used in barn or garage. 

Summary: 

1. How many different kinds of mad lines did you find in your house! 

2. How many different kinds were found by the class as a whole? 

3. In what kinds of work do machines help? 

{Note to the teacher: This problem may he made a game by counting 
on the score of each pupil who found a machine one point fqr each 
member of the class who did nut find the machine named.) 

Necessary work. Most of the machines in the world are made 
for the purpose of getting work done. Such a vast amount o( 
work must be done every day that the unaided strength of man 
cannot accomplish it all. Homes must be built; clothing must 
be made; fields must be cultivated; food must be harvested and 
sent to all parts of the woi Id. In your home the meals must be 
prepared, the marketing done, the dishes washed, the house kept m 
clean and sanitary. In the office the correspondence must be 
attended to; orders must be given and received; files and records 
must be kept. In the store, goods must be unpacked and put in 
stock, and when sold they must he packed and delivered, and 
accurate account must be kept of all money received and spent, 

In the factory the raw material must be received, unpacked, 

. and so treated as to be made into the finished product, and the 
waste material must be utilized for by-products. All of these 
processes require hosts of workers and thousands of machines. 

Work requires energy. You know that you cannot always 
work with the same efficiency; sometimes you have more energy 
than at other times. A man who has been lost for days in a mine 
can hardly crawl along. He has had no food to give him energy 
enough for walking. A boy who is recovering from a fever can¬ 
not run and shout as usual; the energy in his body is being used 
in rebuilding the injured cells. The girl who goes back to school 
too soon after a serious illness is unwise; she has not energy 
enough to do efficient work and to get well at the same time. 

If we inquire into what this mysterious possession is, which is 
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so necessary for our efficiency, we can only say that energy is the 
capacity for doing work. (See page 285.) 

Work requires force. The mere possession of energy does not 
mean that the possessor is accomplishing any work. To pro¬ 
duce work some force must be used. A force is a push or a pull 
acting between two bodies of matter. 

If a boy bats a ball, the bat pushes against the ball and the 
ball pushes against the bat. Since the force with which the bat 
pushes is greater, the ball is sent flying through the air. When 
a fisherman hauls in his fish, he pulls up on the line while the 
fish pulls down. If the force of his pull is greater than the force 
exerted by the fish, he succeeds in his work of getting the fish 
from the water. 

In the two examples mentioned in the last paragraph, the 
forces were not equal, or balanced. One force was greater than 
the other in each case. When two unbalanced forces act on 
each other, motion is produced. 

You can think of many cases where the forces are balanced. 
A team of horses trying to draw a heavy load may come to a 
stop upon a hill. The force which they exert in pulling the 
wagon is balanced by the downward pull of the load. This 
condition results in a strain or stress, but not in the accomplish¬ 
ment of work. Not until the horses are able to exert a force 
greater than the pull of the load is any movement of the wagon 
produced. 

Work results in motion. Time and effort are not counted by 
the scientist in measuring work; only accomplishment counts. 
A man may use much energy in pushing for hours in an effort to 
move a heavy automobile, but unless he actually moves it, he 
accomplishes no work. Mechanical work is sometimes defined 
as a "push or a pull acting through distance." 

This kind of work is not necessarily labor; it may be play. If 
a boy bats his ball, jumps on his sled, turns a somersault, or 
climbs a tree, he is doing work. He possesses energy, he uses 
force ; he produces motion. These are the three requirements for 
accomplishing mechanical work. 

Resistance to work. The reason that work is often hard to 
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perform is because the force applied usually meets with fill 
ance. In doing mechanical work we meet with three cauim- 
resistance: weight , friction , and inertia. 

Weight, You have found that you can lift certain tilll 
very easily; others you cannot move at all. In some casesyojjft 
muscular force can more than balance the force pulling daw jgft l 
the objects you are lifting; in the other cases the downward* 
is much greater than any force you are able to exert. Weight 
a measure of the force of gravity, or the downward pull of v l& 
earth. We measure the force of gravity in pounds and ounce ' 

If you weigh ninety-five pounds, it is because the earth is||B 
ing you toward itself with the same force that it would pull oth|v- 
weights amounting to ninety-five pounds. 

When you try to move anything, you must reckon on I® 
force of gravity. If you lift an object, you are working; 
against the force of gravity, and can only accomplish results if' - 
your force is greater than the weight of the object. Jp 
Friction. If you try to push a piano across the room 
meet with resistance, due not only to the weight of the piano?' 

but due also to the friction. Prufjmji 
is the resistance which opposes an 
to slide or roll one surface over Motitmk 
Every surface is more or less roug|f| 
i The rough places on one surface catdjji 

i » upon the rough places on the oth« 

I and cause friction. Friction vad®, 

- ▼ Y * with the roughness of the surface, 

/ f ' You can coast downhill on the sn« 
■V and ice with breath-taking speed, b||| 
you would never think of trying you® 

Fig.205, Ballbearings sled on the same hi!1 in summer. The 
as used in bicycles friction between the runners and the 
ground is much greater than the fric¬ 
tion between the runners and the snow. 

Perhaps you have a coaster for summer use, It has wheels' 
instead of runners, because rolling friction is less than slidini 
friction. The ball bearings in your bicycle and in an autorno* 
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General Electric Co. 

Science contributes to everyday safety and convenience 
How long a list can you make of the ways in which the people who use these 
streets and who live or work in these high buildings are benefited by science? 
Can you find anything in the picture which has no connection with science? 
What is the connection in each case? In the Contents and in the Index of 
this book, look up the topica that you include in your list. Then read the ac¬ 
counts in the text of the book. 
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bile make use of this principle, as do the wheels of all vehicles. 

Friction is a hindrance to some of our work, but a help to us 
in many other ways. You know how hard it is to run or walk on 
ice. This is because there is very little friction between leather 
and ice. Without friction between shoe leather and the pave¬ 
ment we could not walk or run; without friction between tires 
and roads our automobiles and carriages could not move; with¬ 
out friction between the wheels and the steel tracks electric 
cars and steam trains would stand still; without the friction 
between wood and steel buildings would fall apart because 
the nails, screws, and bolts would not be held in place. 

Inertia. When you tried the experiment with the coin (see 
page 427), perhaps you were surprised that it failed to move 
with the card. It was because of the inertia of the coin.' The 
resistance due to inertia can be seen everywhere. The law of 
inertia is: A body ai rest tends to remain at rest, and a body in mo¬ 
tion tends to remain in the same motion, unless acted on by some 
outside force. 

If you have ever been "stalled" in an automobile you realize 
how a body at rest tends to remain at rest. It requires a strong 
push from outside, or the force of the starting motor, to move 
the car. The explanation is, of course, that the inertia of the 
car must be overcome, as well as the friction of the bearings and 
of the wheels against the ground. 

The force that the man at bat applies to the baseball would 
send the ball on and on, if it were not for (he friction of the air 
and the force of gravity. 

The principle of inertia, while a hindrance to the working of 
some machines, is a help in other cases. The centrifugal wash¬ 
ing machine, the salt evaporating machine, and the cream sepa¬ 
rator depend upon it to accomplish their work. 

How work is measured. If you lift a two-pound package of 
sugar to a shelf two feet high, you are accomplishing a certain 
amount of work. If you were-to lift it higher you would be 
doing more work. If the package were heavier you would also 
be doing more work. In measuring work we must therefore 
take into consideration the force which is exerted, and the dis- 
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tance the body is moved. Scientists call the unit used in me& 
uring work a foot pound. When a pull equal to the earth's 
pull on a pound of matter acts through a foot of space, the ■work 
done is one foot pound. In lifting your two-pound package two 
feet, you would do four foot pounds of work. In lifting it four 
feet you would do eight foot pounds. This rule may be ex¬ 
pressed: work equals weight limes distance. Why is it easier to 
hang clothes if the clothes-basket is first placed on a stool? 

Simple machines. A machine is a device which lightens the 
labor of man or gives him more efficiency in his work. 

The types of machines in use to-day are too many to he 
thoroughly understood by any one man in a lifetime. We can, 
however, very easily understand the principle on which they 
depend, for nearly every machine, no matter how complicated, 
consists of combinations and variations of just two simple ma¬ 
chines, the lever and the inclined plane. 

B. MACHINES —LEVERS 

Problem 4: To study a simple machine, the lever. (Class.) 
Directions: Hang from a support a meter-stick or yardstick the alter- 
nate units of which are painted black. 

Let one pupil hang two weights from the stick in such a way that the 
stick balances. 

Make a record of what the weights are, and how far away from the 
balancing point they are hung. 

Let another pupil arrange the apparatus to balance in another way. 
Try many arrangements and combinations of weights. 

The meter-stick may be considered a lever, which is defined as "a rod 
free to turn about a point." Call the point about which it turns the 
fulcrum-, call one weight the acting force, the other weight the resisting 
force. Call the distance from the fulcrum to the acting force the fora 
arm, and-the distance from the fulcrum to the resisting force the resist¬ 
ance artn. 

Record results in a copy of thefollowing table. Do not write in this book 


Fores arm 
. Fa. 

Risislim 

force 

Rt 

Resistance 

arm 

Ra, 

F.XFo. 
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Conclusion: What is the law of the lever? 

Question: Why will a seesaw not work well if a child and a grown person 
sit equally distant from the support? Where should they sit? 

Problem 5: What are the advantages of using a lever? {Pupils.) 

Directions: Hang a meter-stick, a yardstick, or a ruler from a support. 
Use a heavy weight for the resistance and your hand to apply the act¬ 
ing force. The fulcrum is the point where the stick is held by the. 
supporting cord. 

Place the weight at one end of the lever, the fulcrum near it, and 
balance it with your hand at the other end. Can you lift the weight 
easily? Does the weight or your hand move faster? Which moves 
farther? 

What is gained by using a lever of this kind? 

Now place the fulcrum near your hand, so that the force arm is short 
and resistance arm long. Can you support the weight as easily as 
before? Is the weight easy to lift? Which moves faster, your hand 
or the weight? Which moves farther? 

What is gained by using a lever of this kind? 

Conclusion: What are two advantages of a lever? 

Problem 6 ; To weigh an article. {Pupils.) 

Directions: Use either a platform balance or a horn balance. 

Explain how this machine is a lever. Where are the fulcrum, the 
arms, the acting force, and the resisting force? 

Place some object such as a heavy stone in one Beale pan. Balance it 
with weights in the other pan. In handling the weights, try first a 
somewhat larger weight than appears to be needed. If too heavy, 
remove it, and try the next smaller, until/you find one which weighs less 
than what you are weighing. Leave this weight on the balance, and 
try smaller ones in turn until again the combined weights are lighter 
than the article. Keep on in this way until you obtain a perfect bal¬ 
ance. Then count up the weights used. 

Let different pupils weigh articles and write the weights on the board. 

Problem 7: To study three types of levers. {Home.) 

Directions: Sketch the position, in each type of lever, of the power, the 
weight, and the fulcrum. 

Introduction: A lever of the first type has the fulcrum between the 
acting force and the resistance. (See figure 211, page 438.) 

A lever of the second type has the resistance between the fulcrum and 
the acting force. (See figure 212, page 439.) 

A lever of the third type has the acting force between the fulcrum and 
the resistance. (See figure 2x3, page 440.) 
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Directions: 

Part i: Examine a pair of scissors. Cut something. Where is the 
fulcrum? Where is the resistance? Where is the acting force applied? 

Sketch the scissors, labeling fulcrum, resistance, resistance inn 
acting force, force arm. 

Use a ruler as a first type lever to lift a book. 

Part 2: Examine a nut-cracker or [iotato masher. Where are the (ul- 
crum, the acting force, the resistance? Sketch, labeling the parts of the 
lever. 

Lift a book with a ruler used as a second type lever. 

Part 3: Examine a sugar tongs or fire tongs. Where are the fulcrum, 
the resistance, the acting force? Sketch, labeling the parts of the lever! 

Part 4: Classify the levers of the first, second, and third types which 
you find in use in your home, 

Summary: 

1. What ore the parts of every lever? 

2. Which type of lever always needs an acting force greater than the 
resistance? 

3. Which type uses an acting force smaller than the resistance? 

Problem 8: To study a crank and axle machine, the egg-beater, 
{Home.) 

Directions: 

Part 1: Examine the way that a Dover egg-beater works. 

Show how the wheel of the egg-beater is a modified lever. Where are 
the fulcrum, the acting force, the resistance? What type of lever doei 
the wheel of the egg-beater represent? 

Part 2: The advantage of the egg-beater is increased by means of an¬ 
other modification of the lever, the cogwheels or gears. 

Examine the small cogwheel. Where is the resistance? What is the 
cause of the resistance in this case? What type of lever does the cog¬ 
wheel represent? 

How many revolutions does the blade of the egg-beater make while 
the wheel is making one revolution? 

Count the cogs in the large wheel; in the small wheel. What is the 
relation between them? 

Summary: 

1. Explain the resemblance of a crank and axle to a lever. 

2. Show how a cogwheel is a modified crank and axle, and therefore a 
modified lever. 

3. How may the mechanical advantage of a system of cogwheels be 
found? 

Question: What other crank and axle machines are used at home? 
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Problem g: How do pulleys work? (Class.) 

Directions: 

Part I: The fixed pulley. 

Attach a single pulley to some support. 

Weigh a heavy stone. Fasten a cord to the 
stone, and pass the free cord over the pulley. 

Attach this end to a spring balance. 

Pull down on the balance. What is the ef¬ 
fect on the stone? What is the reading of the 
balance? 

How may the pulley be considered a mod¬ 
ified lever? Sketch, labeling the parts of the 
lever. What type of lever is the fixed pulley? 

How does the acting force compare with the 
resistance? 

What is the advantage of a fixed pulley? 

Part 2: The movable pulley. 

Detach the pulley and fasten the stone to it. 

Fasten one end of the cord to the support and 
pass the other end through the pulley to the 
hook of the spring balance. Raise the stone 
by pulling up with the spring balance. 

What is the weight of the stone? 

What is the reading of the spring balance? tm-. 2 o6 A fixed 
Where is the ful- ** p ^ ey 
crum of the lever? 

Where is the acting force applied? 

Where is the resistance? 

How does the force arm compare with the 
resistance arm? 

How does the distance that the stone is 
raised compare with the distance that the 
acting force moves? 

Sketch, labeling all parts of the lever. 

Part 3: Combinations of pulleys. 

Arrange a combination of fixed and movable 
pulleys, as follows: Attach the fixed block of 
pulleys to a support. Fasten the cord to the 
fixed block, then pass it over one pulley in the 
movable block, one in the fixed block, etc. 
To the end of the cord attach a spring bal¬ 
ance. Attach the weight to the hook on the 
movable block. 

Fig. 207. A movable New pull with the spring balance. What 
pulley 
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is the weight? What is the acting force that must be applied to lift tfo 
weight? . 

How many strands of cord support the weight? 

How does the distance which the weight moves 
L compare with the distance which the acting force 

JkP moves? 

i ffif) Can you arrange a system of pulleys so that 

[ llffl the smallest member of the class can lift the 

Ms/ largest? 

! II Summary: 

I I i. How may a pulley be considered a lever? 

Ml 2. Has a fixed or a movable pulley a greater 

II I mechanical advantage? 

|| 1 3, How may the mechanical advantage of a 

K| 1 combination of pulleys be determined? 

IN I Questions: 

fij| j s \ 1. Where are pulleys used in your home? 

fml |*l V 2. How are pulleys used when furniture is 

X moved? 

\b 3. Where else have you seen pulleys in use? 

til 4* How heavy must each window weight be 

| I in order to hold up a window which weighs 

if I 'Sn 7 ft 20 pounds? 

Fig. ao8. A com- The 1 . ever ' Probabl y it was very early 
binationof pulleys i Q the history of the human race that some 
savage, brighter than his fellows, discov¬ 
ered that with the aid of a long stick he could move a weight 
that was too much for his unaided strength. That was the first 
lever. The muscular force with which the savage pushed down 
upon the long end of his stick we may call the acting force 1 , the 
weight of the great atone was the resistance ; and the small stone 
or ridge against which he rested his lever we may call the 
fulcrum. 

You have found from your problems that a lever is a rod free to 
turn about a point. This point is always called the fulcrum! the 
two opposing forces are the acting force and the resisting force. 
It is plain that when these two forces are exactly equal, their 
distances from the fulcrum must be exactly the same if they are 
to balance. 
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Fig. 2io. A diagram of the equal-arm 
balance 

The panB of this balance are carried on the 
knife edges (the triangles shown at the bearing 
points under the pans, at equal distances from 
the center of fulcrum knife edge). The scale 
comes to balance when the weights on the two 
pans are equal. The load to be weighed is' 
placed on one pan and known weights are 
added to the other until the scale is in balance. 
The correct name for this type is “the equal’ 
arm stabilized scale.” 


On this principle depend the com¬ 
mon scales or balances. The object to 
be weighed is placed on' one pan, the 
weights upon the other pan. The force 
of gravity tends to pull them both down, 
but is prevented because of the upward 
pressure at the balancing point, or ful¬ 
crum. If the two forces are not exactly 
equal, one side or the other tips down 
towards the earth. 

The balance in figure 210 has arms of 
equal length. Many levers, however, 
are made with unequal arms. If the arms are unequal, the 
acting force and the resistance are unequal. A small force 
acting on a long arm can balance a much larger resistance 


The load placed on 
the pan P stretches the 
two springs S, S. The 
motion of the cross 
bar below the Bprings 
is transmitted through 
the vertical toothed bar 
or rack R turning the 
small gear G, mounted 
on a spindle bearing the 
pointer I. The pointer 
rotates over the dial, a 
portion of which with 
the pointer is shown in 
dotted outline. 


acting on a short arm. 

The law of the lever is expressed thus: The force limes the force 
am equals the resistance times the resistance am. 

Every lever has a force arm and a resistance arm. Different 
arrangements make possible three types of levers: 

1. Levers of the first type. A first type lever has the fulcrum 
between the acting force and the resistance. In our homes 
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are many levers of this tvoe Stnriv 

How each lever is used. What other lever? W"* ex P Ia in 

can you think of? Brine as manv « n u, ° f the first *W» 

plain to your clas smates how they wort * ^ 8ad ex ‘ 

A pair of scissors 
makes use of two rods 
free to turn about a 
Point. Much greater 
force is necessary to cut 

wire-than to cut doth; 
therefore wire-cutting 
Pliers have a much 
shorter resistance arm 
and a longer force arm 
than ordinary shears. 

In a first type lever 
the acting force may he 
either greater or smaller 
than the resistance. 

2. Levers of the second 

type. A second type 
lever has the resistance 
between the fulcrum 
and the acting force. 
Since the acting force 
has the longer arm, the 
force, is always smaller 
than the resistance. 

A common example 



an. levers ol the Siet tope 


w 4-- - — — ,FVVl 

is a wheelbarrow, where the farr* v comra °n exampl 
not be so great a the^dgLTth?! 511 ? hand!es » 

between the fulcrum and die resist??It ? 81 f ° rCe 18 appUe< 
type. In this case the force arm is rh \ hS CVer is pf the thir( 
m force is greater than the resistant ? erefore the «* 
in fi^re 2 i 3 , page J * fUtStance - the levers show! 

Such a lever is used when it redeemable to move a light bodj 
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rapidly a long distance, as in a merry-go-round. A common 
household example is a pair of fire-tongs. 

The mechanical advantages of levers. No machine can do 
any work by itself; it 
can only transmit the 
work put into it. This 
statement may sound 
startling to you when 
you consider what it 
means. Perhaps you 
have seen a man, with 
the aid of a long crow¬ 
bar, pry up a boulder 
much larger than him¬ 
self. Can it be that the 
machine did, no more 
work than the man? 

Let us see. The crow¬ 
bar is a lever. Every 
lever has its fulcrum, 
its force arm, and its 
resistance arm. If the 
fulcrum is very near 
the boulder, the resist¬ 
ance arm may be only 
3 inches long. If the force arm is 5 feet long, it is 20 times the 
length of the resistance arm. Then a man exerting a force of 
150 pounds can support a boulder weighing 3000 pounds. Since 
there is some friction in the machine, and the inertia of a body 
at rest must be overcome, it actually takes a force somewhat 
greater than 150 pounds to Uft a 3000-pound weight with this 
type of machine. 

One advantage of a lever is, therefore, that by using arms of 
very different length, a small force is able to overcome a large 
resistance. 

If you have ever ridden on a seesaw with a person much 
heavier than yourself, you have seen another advantage of a 



Pig. 212. Levers of the second type 
Explain the arrangement of acting force, 
resistance, and fulcrum in each case. 
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lever. A man sits close to the fulcrum, and “works” the see¬ 
saw. His weight is the acting force; the child's weight the re¬ 
sistance. If he is 3 feet from the fulcrum, and weighs 150 

_pounds, he can balance 

' a child who weighs 75 

— -—7 —v pounds and sits 6 feet 

f W v from the fulcrum. The 

) fun of it, for the child, 
lies in the fact that he 
travels much faster and 
farther than the man. 

Two advantages of 
levers are thus seen to 
be that a small force is 
able to overcome a large 
resistancet and that.a 
light body can be moved 
rapidly over a tong dis- 

The efficiency of a 
machine, If the man 
on his seesaw moves 
1 foot, he is doing 150 
foot pounds of work. 
_ ,,, „. „ , His machine, the see- 

' "* ” 3 ' £2, cannot do ntore 

than 150 foot pounds, 
or move its 75-pound weight more than 2 feet. 

The 150-pound man with the crowbar pushes down his end of 
the bar 3 feet. He does 3 X 150 or 450 foot pounds of work. 
His machine if 100 per cent efficient would lift 3000 pounds, but 
it could do only the same amount of work the man does, 450 
foot pounds. It could therefore only lift the boulder .15 of a 
foot, not quite 2 inches. 

The work done by a machine cannot be greater than the work 
put into a machine. If a machine without friction could be 
made, the amount of work done by a machine would be exactly 
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equal to the amount of work put in. Since it is impossible to 
make a frictionless machine, the efficiency of a machine is 
measured by the comparison between the work put in and the 
work done by the machine. It is usually expressed in per¬ 
centage. 

. useful work out 

Efficiency ---— 

total work in 

A modified lever—the crank and axle. It is frequently said 
that the simple machines are six in number: the lever, the crank 
and axle, the pulley, the inclined plane, the 
wedge, and the screw. If we reduce them 
to their very lowest terms, however, we find 
that the first three are all forms of levers, 
and the'last three all forms of inclined 
planes. 

The bread-mixer is made with a crank 
and axle. It is plainly seen to be really a 
lever, the fulcrum being over the center of 2I4 ‘ ^ 
the pail, at the end of the crank, the acting T w&d 

force being at the other end of the crank, and axle and gear 
and the resistance being applied between, w e 8 ‘ 
where the curved metal strikes the dough. What type of lever 
is this? Crank and axle or wheel and axle machines are abun¬ 
dant. How many can you name? 

Another modified lever — the pulley. Archimedes was a 
great inventor who lived over two thousand years ago in the 
Greek city of Syracuse. One day, according to the story, he 
told his king that with his own strength he could move any 
weight whatever. The king was naturally doubtful, so Archi¬ 
medes ordered that one of the king's galleys should be drawn 
up on the shore. By hard tugging of many slaves this wa9 
done. Then Archimedes, watched by the whole court, moved 
with his hand the end of a machine which consisted of a number 
of ropes and pulleys which he had previously connected with 
the ship. 1 Easily and gently the great ship moved over the 
sand. Can you picture the astonishment of the king and his 
court? 
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If you have tried the problem .on pulleys you have found that 
a fixed pulley has only one advantage, to change the direction 
in -which the acting force is applied. It is a very simple modi¬ 
fication of a lever of the first type. (See figure 206.) 

A movable pulley has another advantage, however. This is 
a lever of the second type, Since the force arm is just twice as 
long as the resistance arm, the acting force needs to be only half 
as great as the weight to be lifted. (See figure 207.) 

When several pulleys are arranged together in a block and 
tackle, the advantages of the fixed and movable pulleys are 
combined. Suppose a block of 4 movable pulleys is used to raise 
a piano weighing 800 pounds. It is evident that 8 strands of 
rope are used to support the block which lifts the piano. Each 
strand supports only one eighth of the weight of the piano. 
The fixed pulleys are used only to change the direction of the 
force, If we could disregard friction, a pull of 100 pounds on 
the rope would be enough to support the piano. Since there is 
some friction, and since the inertia of a body at rest must be 
overcome, the force of somewhat more than 100 pounds must 
be exerted actually to lift the piano. The mechanical advan¬ 
tage of a machine of this sort is sometimes said to be 8. What is 
the mechanical advantage of the system of pulleys shown in 
figure 208? 


C. MACHINES —INCLINED PLANES 

Problem to: To use an inclined plane and find its advantage . 

{Class.) 

Directions: Rest one end of a smooth long board on the table. Support 
the other end above the table, so that the height of the upper end of the 
inclined plane is one half the length of the inclined plane. In a toy car 
which runs easily place weights or sand until it weighs an even number 
of pounds. 

Attach a spring balance to the car. Draw the car along the table. 
Does the spring balance show any resistance due to friction? If so, 
this must be deducted from future readings. 

Now pull the loaded car up the inclined plane. How does the acting 
force compare with the load? ' 

Support the plane so that its height k one fourth of its length. Pull 
the loaded car up the plane. How does the acting force compare with 
the load? 
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Try several experiments, varying the height of the plane, and the 
amount of the load. Record results in a copy of this.table: 



Conclusion: What is the mechanical advantage of an inrl i nprl plane? 
Questions: 

1. Where are inclined planes used in your house and about the 
grounds? 

2. Where else have you seen inclined planes in use? 


Problem 11: To study a wedge — the knife-blade. ( Home .) 
Directions: Examine the blade of a knife. 

Compare its two edges. How does the thickness of the dull edge corn, 
pare with the width of the blade? 

Lay the blade flat on the table. 

Does it resemble any other machine which you have studied? 

Cut a piece of cheese or softwood. 

How does the wedge work? 

What causes the resistance? 

Questions: 

1. How does a wedge resemble an inclined plane? 

2. Has a thin or a thick wedge a greater mechanical advantage? 

3. Where have you seen wedges used? 

4. How many kinds of wedges camyou find in your home? 

Problem 12: To study a screw. (Homs.) 

Directions: Cut a right-angled triangle of paper four inches high and 
six inches long. 

Holding the highest part close to a pencil, wind the triangle around 
the pencil. 

Compare this arrangement with a common screw. In what ways are 
they alike? 

Call the ridge running spirally around the screw the thread ; and the 
distance between turns of the thread the pitch of the screw. 

Unwind the paper triangle. What machine does a screw resemble? 
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When screws are used in wood, what causes the resistance? Is resist¬ 
ance useful or harmful in this case? 

Questions; 

1. Where are screws used in your house? 

2. Is it easier to use a screw of fine or coarse pitch? Why? 

3. What other machines depend upon the principle of the screw? 

The Inclined plane. You have often seen workmen rolling 

heavy barrels up into 
wagons. The machine 
they used was an in¬ 
clined plane. The ad¬ 
vantage of the inclined 
plane is that a small 
force by acting through 
a long distance, can 
raise a weight which it 

Fig. 215. An inclined plane • cannot lift vertically. 

It would be impossible 
for you, for example, to lift a trunk which weighed two hundred 
pounds into a wagon which was two feet above the ground. But 
by the use of a board eight feet long, with a roller to reduce 
friction, you could push 
the trunk into the 
wagon by expending 
the force of but little 
more than fifty pounds. 

The law of the in¬ 
clined plane may be ex¬ 
pressed thus: the acting 
force times the distance 
it moves equals the re¬ 
sistance times the dis¬ 
tance it moves. 

A modified inclined 
plane — the wedge. 

Every time you use your knife-blade, and every time you chop 
wood with an axe, you are using a machine, a kind of inclined 



Fig. 216. One use of a wedge 
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plane. The shape of these instruments dearly shows their re¬ 
lationship. Instead of lifting a weight, however, in these cases 
you are fordng your machine itself into the wood or the food, 
and fivercoming the resistance offered by the particles as they 
. cling together. The first wedges known were the teeth of ani¬ 
mals and men. The front teeth, used for biting, are wedges. 

The screw — an inclined plane. 

Some kinds of desk chairs are raised 
and lowered by means of screws. A vise 
such as is used in the carpenter shop is 
another example of a screw. If you 
cut a paper triangle and wind it around 
a pencil, you can see the relationship 
between a screw and an inclined plane. Fig- 217. A vise 
The finer the pitch of the screw (see pro- pri ^ipie s«ew? n the 
blem 12) the less force is required to ^ 
make one turn; just as in the inclined plane the less the slope, the 
less the force required to raise a body. 

The efficiency of a screw is small because the friction is very 
large in proportion to the force applied. In fact, it is the fric¬ 
tion which makes screws useful in holding boards together. 

D. COMPLEX MACHINES 

Problem 13: What are the parts of a sewing machine? (Home or 

Individual Project.) 

Directions: What is the make of your machine? 

Find the following parts, if possible: 

Treadle Shaft Feed 

Connecting rod Needle-bar Bobbjn 

Wheel below table Presser foot Bobbin-winder 

•Wheel above table Needle Stitch-control 

Spool-holder Needle-plate 

Show by a diagram .the relation of the parts. 

Question: Why must a sewing machine be oiled frequently? 

Problem 14 ‘..To use a sewing machine. (Home or Individual Project.) 
Directions: 

1. Oil the machine. How many oil holes do you find? What is the 
reason for using oil? 
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2. Clean the machine. Use a soft cloth, 
always be wiped before using? 

3 ‘ 


Why should the machine 


THREAD TAHL- 
UPUVERx 



TENSION 

DISCS 


■POINT or 
BOBBIN OF SHUTTLE 
UNDER TWEED NEEDLE 
Fig. 218 

The way the stitches are 
formed [with a double-thread 
machine using a vibrating 
shuttle. 


What is the relation of the treadle 
to the connecting rod? .What 
does the connecting rod do? How 
many times does the drive wheel 
turn around for one forward and 
back motion of the treadle? Try 
to treadle evenly for several min¬ 
utes. 

What connects the wheel below 
the table with the wheel above? 
Measure the diameter of the 
large wheel. What is its circum¬ 
ference? Measure the diameter 
of the small wheel. What is its 
circumference? Provided there 
is no slipping of the belt, how 
Many times will the small wheel 
revolve while the large wheel is 
revolving once? 

5. Make a mark on the circumfer¬ 
ence of the small wheel. Turn it 
carefully around once, counting 
the number of stitches made by 
the needle. How many stitches 
are taken, then, to each revolu¬ 
tion of the large drive wheel? 

6. Place a heavy piece of brown 
paper under the presser foot and 
stitch for one minute. Count the 
number of stitches. How many 
stitches can you make in one min¬ 
ute? With a needle and thread 
sew a piece of doth one minute, 
using back stitches of the same 
size as the machine stitch. How 
How much-faster can you sew by 


many stitches can you make? 
machine than by hand? * 

7- What is the purpose of the presser foot? How is it raised from 
the doth? 

8. Remove the face plate if possible, and find out how the rotary 
motion of the wheel produces the up and down motion of the 
needle. 

9- How is the length of the stitch regulated? Does the length of the 
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stitch depend on the speed of the needle or the motion of the feed? 

10. Thread the ma¬ 
chine. Is a bob¬ 
bin used? Is 
the machine a 
chain-stitch or 
a lock-stitch ma¬ 
chine? 

11. Remove the 
needle and in¬ 
sert it again. 

How is it held 
in place? 

12. Bring samples of 
different kinds 
of stitching that 
you can do such 
as (a) stitch¬ 
ing straight on 
striped material; 

(b) stitching 
straight on plain 
material. 

Problem 15: To experiment with a pendulum. (Class.) 

Directions: 

1. Make a pendulum by suspending a weight by a thread to some 
fixed support. Pull the pendulum to one side and let it go. 
Explain what happens. Can you find out why a pendulum clock 
must be wound up? 

2. Find out whether a pendulum clock keeps regular time. To solve 
this problem, try swinging the pendulum a very short distance, 
counting the number of trips it makes in one minute. Now swing 
it a much longer distance, and count the trips it makes in one 
minute. How do the two' counts compare? As the trips made 
by the pendulum grow shorter, should the clock lose time or gain 
time? 

3. Find out how to regulate a pendulum clock. To solve this part of 
the problem, use a pendulum twenty inches long. How many 
oscillations (trips) does it make in one minute? Shorten the 
pendulum to fifteen inches. How many oscillations does it make 
in one minute? Shorten it again to ten inches. How many, 
oscillations does it make in one minute? If the clock is gaining 
time, should the pendulum be lengthened or shortened? 


THREAD TAKE UP 



Fig. 219 

A single-thread machine which forms a chain 
stitch by means of a ‘‘looper 1 ’ under the cloth 
plate. 
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Questions: 

I. Does a pendulum clock keep regular time? 

a. How can you make a pendulum clock gain or lose time? 

3. What forces cause a pendulum clock to keep going? 

Combinations of simple machines. We have studied six 
simple machines, which can all be 
seen to depend on two principles. 
The machinery in your house and 
community is made by using com- 
binations of simple machines. The 
sewing machine, the phonograph, 
the washing machine, the bicycle, 
and the automobile are a few of 
the complex machines in use. 
Study them to find what kinds of 
simple machines they contain, and 
how they are useful in helping to accomplish work. 

A great inventor, Galileo. During the so-called "Dark 
Ages," from about a.d. 600 to about 1500, little interest in in¬ 
ventions was shown. Instead of looking to nature for answers 
to their problems, men turned to the writings of ancient 
philosophers. They seemed afraid to think for themselves. In 
contrast with these timid thinkers stood Galileo, the first of 
the great modern scientists. Even as a boy he chose to think 
for himself. Making use of his knowledge of levers and inclined 
planes, he loved to form mechanical toys, which, although they 
did not always work, won him great admiration among his boy 
companions. His father, however, a famous musician of the 
time, did not share this admiration for his son's mechanical 
bent, and insisted on sending him to the University of Pisa to 
study medicine. 

The invention of the pendulum clock. While Galileo was at 
the University of Pisa, where he sadly neglected his medical 
studies, he discovered something which has made possible all our 
clocks run by pendulums. One day when he was in the cathe¬ 
dral, his attention wandered from his prayers to a great bronze 
lamp which hung from the ceiling. Some one had drawn it aside 



Fig. 220 

What kinds of simple ma¬ 
chines can you find in this 
machine tool? 
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to light it, and when it was released it swung back and forth, as 
hanging lamps and pendulums will do. Galileo, curious enough 
to time its swinging by means of his pulse, made the startling 
discovery that although the length of the swing grew smaller 
and smaller as the lamp gradually came to rest, yet the time of 
each swing remained the same. He immediately set to work to 
use this idea in an instrument by which physicians might count 
the pulse. 

Not until fifty years had passed, and Galileo was an old man, 
did he use the same idea in making a clock. Then by means of 
a pendulum, some levers, and a simple system of cog-wheels, he 
invented the first pendulum clock. It had only one hand, to be 
sure, but it kept regular time, and was such an improvement on 
anything then in use that it marks an important epoch in inven¬ 
tion. 

The movement to and fro of a pendulum depends upon (1) 
the attraction of gravity, which pulls it down from the raised 
position; (2) the law of inertia, which makes it continue its swing 
until the forces balance. A pendulum gradually comes to rest, 
because of the friction with the air. 

Although the width of the vibration may vary, the time of the 
vibration for any one pendulum is the same. Pendulums of dif¬ 
ferent lengths, vibrate at different rates; the shorter the pendu¬ 
lum, the faster it vibrates. 

In a dock the movement of the wheels and hands depends 
upon the swinging of the pendulum; It is the pendulum that 
really measures off the time. 

REVIEW OUTLINE 

A, How WORK IS DONE 

1. Necessary work 

2. Three requirements for accomplishing work 
1 a. Work requires energy 

(1) Definition of energy 
6 . Work requires force 

(1) Definition of force 

(2) Balanced and unbalanced forces 
c. Work results in motion 
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3. Three causes for resistance to work 

a. Weight 

b. Friction 

(1) Rolling friction compared with sliding friction 

c. Inertia 

(1) The law of inertia 

4. How work is measured 

5. Simple machines 

a. What a machine is 

b. Two fundamental kinds 

B. Machines — levers 

1. What a lever is 

2. Parts of a lever 

a. Fulcrum 

b. Acting force 

e. Resisting force 

3. The principle of the balance 

4. The law of the lever 

5. Three types of levers 

a. Levers of the first type 

(1) Examples 

(2) How the acting force compares with the resistancie 

b. Levers of the second type 

(1) Examples 

(2) IJow the acting force compares with the resistance 

c . Levers of the third type 

(1) Examples 

(2) How tiie acting force compares with the resistance 

6. The mechanical advantages of levers 

7. The efficiency of a machine 

8. Modified levers 

a. The crank and axle 

b. The pulley 

C. Machines — inclined planes 

1. What an inclined plane is 

2. Law of the inclined plane 

3. Modified inclined planes 

a. The wedge 

b. The screw 

D. Complex machines 

1. Examples 

2. The principle of the pendulum 

a. How it was discovered 

b. The law of the pendulum 
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Working projects: 

1. Make a collection of as many simple machines as possible. Dem¬ 
onstrate to the class how they work. 

2. With “Erector” or "Meccano” construct a model of a mar i ne , 
such as a balance, a derrick, etc. 

3. Demonstrate how a spring balance works. 

4. Demonstrate the mechanism of a complex machine, such as a 
clothes-wringer —a phonograph —a dish-washing machine—a 
clock—a sewing machine. 

5. Make clockwork toys. 

Reports: 

Several interesting subjects are mentioned in the list of references. 
What others can you suggest? 

BOOKS THAT WILL HELP YOU 

All About Inventions and Discoveries, P. A. Talbot. Funk. 

Bird's Eye View oj Inventions. A, F, Collins. Little, 

The Boys' Book of New Inventions , H, E, Maule. Doubleday. 

The Boys' Book of Remarkable Machinery. E. Hawkes. Dodd. 

The Boys' Home Book of Science and Construction, A. P. Morgan. Lothrof*. 
The Boys’ Own Book of Great Inventions. F. L. Darrow. Macmillan. 
Great Inventions and Discoveries. W, D, Piercy. Merrill. 

Great Inventors and Mr Inventions. F. P. Bachman. American. 

How It Works. A. Williams. Nelson, 

Inventing for Boys. A. F. Collins. Stokes, 

Marvels of Modern Mechanics. H. T. Wilkins, Dutton. 

Mechanics of Sewing Machines. Singer Sewing Machine Co. 

Physics of the Household. C. J. Lynde, Macmillan, 

Stories of Useful Inventions. S, E. Forman. Century. 

The Story of Agriculture in the United States. A. H, Sanford. Heath, 

The Story of Great Inventions. E, E. Burns. Harper. 

The Story of Iron and Steel, J. R. Smith. Appleton. 

Tim^Tmng through the Ams, C. Brearley. Doubleday. 

What Makes the Wheels go Round. G. E, Bock. Macmillan 



XVII 

ELECTRICITY IN OUR HOMES 

'The electrical constitution of matter. Electricity has been 
used for many years in a great variety of ways, and yet it is 
only recently that its nature has come to be understood. It 
is now believed to be due to a flow of what are called electrons , 
which are at present looked upon as one of the three units or 
building-blocks of our universe. Until rather recently sci¬ 
entists considered the atom as the smallest particle of matter. 
Now, however, atoms are believed to be composed of still 
tinier parts which are known as electrons , positrons, and «««- 
irons, The electrons are negative charges of electricity. 
Positrons carry positive charges. Neutrons, which were 
discovered in 1932, are electrically neutral. 

Ideas have changed from time to time, as new discoveries 
have been made. No one has ever seen an electron or a 
positron or neutron. There is no positive proof that such 
things exist. However, scientists feel convinced at present 
that this theory of the constitution of matter is useful in ex¬ 
plaining what electricity is, and how it behaves. 

Three ways of producing electricity. Electricity may be 
produced in three ways: 

(1) By rubbing, or friction. This kind is called static 

electricity, * 

(2) By chemical action. This kind is called galvanic elec¬ 
tricity. 

(3) By using magnets, This kind is called dynamic elec¬ 
tricity. 

In this chapter we shall first learn, under the three heads 
just mentioned, some fundamental facts about electricity. 
Later we shall apply some of this knowledge to help us under¬ 
stand the operation of the more common electric labor-saving , 
devices that may be used in the home. 
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THE PROBLEMS 

A. On static electricity. 

1. To produce static electricity by rubbing. 

2. To show how like and unlike electric charges react 

to each other. 

B. On galvanic electricity. 

, 3. To make a simple electric cell. 

4. To examine the parts of a dry cell. 

5. To connect cells to form a battery. 

6. To make a simple storage cell. 

7. To test a battery with a hydrometer. 

C. On magnetic or dynamic electricity. 

8. To show magnetic attraction. 

9. What is the difference between a temporary and a 

permanent magnet? 

10. Which magnetic poles attract and which repel each 

other? 

11. To study the lines of force about a magnet. 

12. To show the magnetic effects of an electric current. 

D. On electrical devices in our homes. 

13. Why does an electric bell ring? 

14. To study the parts of an electric motor and see how 

it works, 

15. What is the principle on which an electric bread 

toaster operates? 

16. To operate electric appliances at home. 


A. STATIC ELECTRICITY 

Problem 1: To produce static electricity by rubbing. (Pupils.) 

Directions: Rub a fountain pen briskly on woolen cloth (the sleeve 
of your coat or dress may be satisfactory) and hold it near some 
tiny scraps of paper. What happens? How many scraps can you 
pick up? 

Rub a black comb with a piece of woolen cloth, and hold it near 
small pieces of tissue paper, tinfoil, silk, or feathers. Are they attracted 
to the comb? Then do they jump away from it? 
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Whittle a cork in a bottle to a point, and balance a silver spoon on the 
point. Rub a stick of sealing-wax with a piece of silk, and hold it near 
one end of the spoon, Can you make the spoon revolve? 

Scuffle across a rug, and hold your knuckles near a piece of metal. 
What is the result? Rub a cat's fur briskly. Comb your hair with a 
rubber comb. Hold the comb near a radiator. In each case, what 
results? 

Summary: In how many ways have you produced static electricity? 

; 

Problem a: To show how “like” and u unlike ” electric charges 
react to each other. [Pupils.) 

Directions: Rub a glass rod with a piece of silk, and suspend it to a 
support by a fine silk thread. Rub another glass rod with silk and 
hold it near the end of the first rod. What happens? These two rods 
possess like charges of electricity. 

Rub a stick of sealing-wax with a woolen cloth, and suspend it in the 
same way. Bring another electrified stick of sealing-wax near it. 
What happens? The two sticks of sealing-wax also possess like charges 
of electricity. 

Try bringing the electrified glass rod near the electrified sealing-wax. 
What is the result now? The glass rod and the sealing-wax possess un¬ 
like charges of electricity. 

Condusim: How do like and unlike charges of electricity react to each 
other? 

Derivation of the word electricity. As early as 600 b.c. it 
was known that amber rubbed with a woolen cloth would at¬ 
tract small bits of paper. This is an example of static elec¬ 
tricity. It is interesting to note that the Greek word for amber 
was electron and that from this the word electricity has been de¬ 
rived. 

Positive and negate charges. It was Benjamin Franklin 
who first used the terms positive and negative to apply to differ¬ 
ent charges of electricity. If you have performed problem 2, 
you have discovered that when a glass rod rubbed with a piece 
of silk has been brought near a stick of sealing-wax rubbed with 
a woolen doth an attraction is seen to exist between them. 
This attraction is due to the fact that the two substances possess 
unlike electric charges, The electrified glass rod has a positive 
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charge while the stick of sealing-wax possesses a negative 
charge. 

Conductors and non-conductors. By performing problems 1 
and 2 described at the beginning of this chapter you have found 
that some things are electrically charged by rubbing. With re¬ 
gard to certain other things, no amount of rubbing seems to 
produce such a charge. A metal rod, for instance, seems im¬ 
possible to charge. The reason is that a metal is what is called 
a good conductor of electricity. That really means that the 
electricity flows from one atom to another along the metal 
with perfect ease. Your own body is also a good conductor, so 
when you rubbed the metal rod, the charge escaped as fast as it 
was produced. Rubber, however, is a poor conductor , and so 
by wearing rubber gloves it is possible to charge a metal rod 
just as well as the glass rod or the sealing-wax. The flow of 
electricity is stopped by the rubber gloves with the result that 
it is held in the metal rod instead of passing into the body. 
Some good conductors are metals of all sorts, charcoal, acids, 
animal bodies, vegetables, and impure water. Some of the 
non-conductors or insulators are glass, rubber, sealing-wax, 
amber, paper, silk, wool, and dry air. 

Lightning. The flash of lightning is an example of static 
electricity. Perhaps you have found in your experiments that 
an electric spark passes from a positively charged body to one 
with a negative charge. A flash of lightning is just such a spark, 
enormous in power and in length. Sometimes the great spark 
leaps across space from a cloud that is positively charged to the 
earth; sometimes it leaps across to another cloud that is nega¬ 
tively charged. 


B. GALVANIC ELECTRICITY 

Problem 3: To make a simple electric cell. {Pupils.) 

Directions: Place some water in a glass. Add a few drops of sulphuric 
add. Place clean strips of copper and of zinc in the glass on opposite 
sides, and connect them by a copper wire, as shown in the diagram 
Hold a small compass near the wire. If tire needle is turned, an electric 
current is passing through the wire. What can you observe in th* 
liquid? Is chemical action going on? 
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Break the connection between the metal strips by removing the wire 
from one of the binding-posts. Can 
you detect any difference in the chemi¬ 
cal action? 

Questions: 

1. Whatkindof energy causes the for¬ 
mation of bubbles in the liquid? 

2. What kind of energy causes a de¬ 
flection of the magnetic needle 
when it is held near the wire? 

Problem 4: To examine the parts of 
a dry cell. (Class.) 

Directions : Use an old dry cell to find 
out how it is made. First take off the 
pasteboard box. Ie pasteboard a good 
conductor or an insulator? Find the 
zinc can. Is it partly eaten away? Do 
you find white salty material on it? 
What kind of action caused it to form? 
Find the brass binding-post on the zinc 
can, Find the other binding-post on the black carbon rod. The electric 
current passes out of the cell from this carbon rod. 

Notice the thick layer of black pitch which separates the carbon rod 
from the zinc can. Strike the outside of the can with a hammer to 
break up the pitch. Take it out, and the layer of sand under it. 

Cut open the zinc can with a can-opener or a large knife. Take out 
the carbon rod. Find the black mixture around it. Can you smell 
ammonia? This mixture is moistened with “ sal-ammoniac’’ or am¬ 
monium chloride. Find the layer of blotting-paper. Can the moist 
ammonium chloride soak through .this to the zinc can? 

The necessary parts of the "dry" cell are the zinc, the carbon, and 
the sal-ammoniac. All the other parts are used to make the cells easy 
to handle. 

Problem 5: To connect cells to form a battery. (Pupils.) 

Directions: Connect by insulated wires the carbon of a dry cell to the 
zinc of a second dry cell, the carbon of the second dry celt to the zinc 
of a third, and the carbon of the third to a circuit containing an electric 
light of five volts and a switch. Turn on the switch. What is the 
effect? This battery is said to be connected in series. 

Connect the carbons of all three cells to a wire which has in its circuit 
an electric light and a switch. Connect the zincs of all three cells with 



Fig. 221. A simple electric 
cell 


The parts are designated in 
chemists' symbols. Cu, cop¬ 
per; Zn, zinc; H s O, water; 
HjSOi, sulphuric acid. 
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the circuit. (See the diagram.) What ia 'the effect when the circuit is 
completed by turning the switch? This battery is said to be connected 
in parallel. 




Fig. 222. Cells connected in parallel and in series. 

Which is which? 

Problem 6: To make a simple storage cell. (Pupils.) 

Directions: Place two strips of lead about \" by 6" in a glass nearly 
filled with dilute sulphuric acid. See that they do not touch each other. 
Connect the lead strips by copper wire to the terminals of several dry 
cells arranged in series. Watch the lead plates. Are they both the 
same color now? The electrical energy flowing through the wires has 
been converted into chemical energy stored in the lead strips one of 
which now has a coating of lead oxide. Disconnect the wires from the 
dry cells after a few minutes and connect the lead strips to the ter* 
minals of an electric bell. What happens? 

Question: What transformation of energy is illustrated? 

Problem* 7: To test a battery with a hydrometer. 

Part I: To illustrate the principle of a hydrometer. (Class.) 

Directions: Put an egg into a glass and barely cover it with water. 
Does the egg float? In another glass dissolve in water all the salt 
that it will hold. Add the salty water to the glass containing the egg, 
What happens? 

Question: Will a ship float higher in salt water than in fresh? 
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Part 2: To teat an automobile battery with a hydrometer. {Op¬ 
tional.) 

Directions: Observe how a hydrometer is used to test a battery. How 

is the glass bulb marked? What is the 
proper charge for an automobile bat¬ 
tery? 

The discoveries of Galvani and 
Volta. It was in 1786 that an 
Italian doctor, Galvani, discovered 
by accident that an electric current 
may be produced by a chemical 
process. In 1800, another Italian, 
Alessandro Volta, invented an ar¬ 
rangement which was really the 
first electric cell. The essential 
parts of any such cell are two un¬ 
like conductors immersed in a solu¬ 
tion which acts chemically on one 
of them. 

As used to test a storage battery. Electric cellg . A very simple 

electric cell may be made by using 
a strip of copper and a strip of zinc 
in dilute acid. When these two 
strips, or foies, are joined by a wire 
we can see that chemical action 
goes on in the cell, and a current 
passes through the wire. A cell of 
this kind becomes useless in a few 
minutes because the copper be¬ 
comes covered with bubbles which 
prevent the chemical action from 
continuing. An electric cell shows 
chemical energy being transformed 
into electrical energy. ■ 

Telegraph companies use a type 
of electric cell called the gravity cell. 

A battery jar, in the bottom of 



Fig. 224. A gravity cell 
The current passes from the 
positive pole (+) through the 
wire to the negative pole (—). 
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which crystals of copper sulphate are placed, is filled with water. 
A specially shaped piece of copper is placed in the bottom of the 
jar andapieceof zincissupportednearthetop of the liquid. Both 
metals are connected with wires to form a circuit. A few drops 
of sulphuric acid are added to the water. This combines with 
the zinc, forming zinc sulphate. (See figure 224.) Chemical 
action continues for a long time in a cell of this type. 

The most common wet cell is made from sal-ammoniac dis¬ 
solved in water. Zinc and carbon are used for poles. 

The most convenient cell to. use 
is the "dry” cell. It consists of 
a zinc can which contains a car¬ 
bon rod. Between the rod and 
the walls of the can is a paste, the 
most important material of which 
is sal-ammoniac. The chemical 
action causes the zinc to be eaten 
away in time and then the cell is 
said to be dead. 

Electric batteries. A combina¬ 
tion of cells is called a battery. ——— y- * »r mm 

The cells are so arranged that the MTm 

current travels through the wires s ® ctionadryc ®^ 

from carbons to zincs and through mass composed of Bal-ammoniac, 

the cells from zincs to carbons, carbon powder, and other chemi- 
„ , ^ . , , ... .. cale. The carbon electrode and 

batteries for doorbells, gasoline the mix comprise the positive 

engines, telephones, and automo- P°^ e - What is the negative pole? 
biles are thus arranged in series. 

Cells may also be arranged in parallel. The current flows 
from all the carbons through the circuit to all the zincs, and 
back to the carbons through the cells. (See figure 222.) 

The series arrangement of cells in a battery is desirable when 
the external resistance is large. 

Storage batteries. You have all seen the batteries used in 
automobiles and in some lands of radios. They are storage 
batteries, consisting of two or more cells connected in series. 
They are charged from a source of direct current, usually a 
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rectifier which changes the common alternating current into 

direct current. In the process 
the acid becomes denser. The 
degree to which the battery is 
charged can be gauged with a 
hydrometer. 

A simple hydrometer may 
be made, as in problem 7. The 
hydrometer used to test a bat¬ 
tery (see figure 226) is so de¬ 
vised that the height at which 
the instrument floats out of a 
liquid can be easily seen. It 
When the rubber bulb at the top 


226 


A three-cell storage 
battery 


is enclosed in a glass tube 
is compressed and then 
released, a little of the 
liquid in the battery is 
drawn up into the tube. 
Why? The hydrometer 
should then so float in 
this liquid that the cor¬ 
rect mark on its scale is 
on a level with the sur¬ 
face of the liquid. The 
denser the liquid the 
higher it floats and vice 
versa. If the test shows 
that the battery is 
not sufficiently charged, 
what must be done? 


C. MAGNETIC OR 
DYNAMIC ELEC¬ 
TRICITY 

Problem 8: To show mag¬ 
netic attraction. (Pu¬ 
pils.) 

Directions: Touch a nail to 
one of the poles of a bar 


Fig. 227. The structure of a storage 
battery 

The storage battery is a good example of 
stored-up chemical energy. Such a battery 
consists of a number of lead plates (grids), 
alternate ones containing lead peroxide, 
PbOs, and the others, spongy metallic lead. 
These plates are separated by a non-conduc¬ 
tor and are submerged in a dilute solution of 
sulphuric acid. When in use chemical action 
takes place, and the materials on both plates 
are slowly changed to lead sulphate. 
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magnet or horseshoe magnet. While the nail is clinging to the magnet, 
touch a tack to the end of the nail. While the tack is held to the nail, 
dip the tack into some iron filings. What happens? How do you ex¬ 
plain the fact that these different materials will hold together? 

Detach the nail from the magnet. What happens? How do you 
account for this? 

Problem 9: What is the difference between a temporary and a per¬ 
manent magnet ? (Pupils.) 

Directions: Find out whether your knife-blade is a magnet. How will 
you do this? If it is not a magnet, see if you can make it one by rubbing 
it several times along a bar magnet from the center to one of the ends. 
Now see whether it'has become magnetized, If it has not, continue to 
rub as already directed and test it again. What is the result? What 
has the knife-blade become? 

Rub a nail along a magnet in a similar manner and try to pick up a 
tack with it. Try to pick up a tack with the nail while the nail is cling¬ 
ing to the magnet. Do you know the difference in the nature of the 
iron in the knife-blade and the iron nail that makes them behave 
differently? Which can be made a permanent magnet and which acts 
only as a temporary magnet? 

, Problem 10: Which magnetic poles attract and which repel each 
other? (Pupils.) 

Directions: Place two bar magnets with their north poles adjacent. Do 
they tend to ding together? • 

Place two bar magnets with their south poles adjacent. Do they 
tend to cling together? 

Place two bar magnets with their unlike poles together, one north and 
the other south pole touching. Try to separate them. Do they stick 
1 together? Try the opposite unlike poles. What is the result? 

Try the same experiment with other magnets. What are the results? 
Place a compass needle near the north pole of a bar magnet What is 
the result? 

Place the compass needle near the south pole. What is the result? 
Conclusion: Which poles attract each other and which poles repel? 

Problem 11: To study the lilies of force about a magnet. (Pupils.) 

Directions: Place a single bar magnet under a thin piece of cardboard. 
Sprinkle,iron filings on this paper immediately above the magnet and 
gently tap the paper. Make a drawing to indicate the arrangement oi 
the filings. 
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Place two bar magnets similarly under paper with their like poles 
near each other. Again tap the paper and notice the manner in which 
the filings arrange themselves. Draw, 

Again follow the same general directions, but this time place the 
unlike poles near each other. Draw. 

Questions: 

1. What do you call the force which makes the iron filings arrange 
themselves in a definite manner? 

2. What does each little iron filing become when under the influence 
of the magnet? 

3. What do the lines of force indicate when unlike poles are placed 
near each other? when like poles are dose together? 

Problem 12: To show the magnetic effects of an electric current. 

(Pupils.) \ 

Directions: Hold a small compass over an insulated wire connecting the 
two binding-posts of a dry cell. Is the needle turned? By holding the 
compass in different positions, find how far away from the wire the 
magnetic field may be detected. 

Make a loop in the wire, and try the same experiments. Is the 
magnetic effect stronger? 

Disconnect the wire, and wind it around a pencil, making a coil of 
about ten turns. Remove the pencil, connect the wife again to the dry 
cell, and test the magnetic effect of the electric current. 

Pass a long iron nail through the coil, and test it again. 

In which case is the magnetic effect of the current the greatest? 

The coil of wire with the iron core is really an electro-magnet. How 
can you prove that it acts like a magnet? When does it stop being a 
magnet? 

The connection between magnetism and electricity. If you 
have made the electro-magnet described in problem 10, you 
know that there is some connection between magnetism and 
electricity. When the electric current passes through the wire, 
the nail held in its coil acts like a magnet, but the minute the 
.circuit is broken, the magnetism disappears. 

In 1819, Hans Christian Oerstedi (er'stfid) discovered that 
there is a relationship between electricity and magnetism. 
This discovery led to others by different scientists. In 1821, 
Michael Faraday showed that a magnet could continuously’ 
move a conductor through which a current of electricity was 
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flowing. This discovery eventually led to the invention of the 
electric motor and generator. 



Fig. 228. A generator 

A generator contains a magnet or series of magnets, and a coil of wire 
called an armature. To generate a current of electricity, either the magnet 
or the armature must be made to rotate. The powerful generators of to¬ 
day are possible because of Faraday's discovery. CGeneral Electric Co.) 

Faraday is one of the outstanding scientists. He was a poor 
boy and at twelve years of age went to work for a bookbinder. 
He became interested in knowing what was inside some of the 
books that passed through his hands, and found that chemistry 
and electricity appealed to him strongly. He studied at night 
school, where his experiments attracted the attention of Sir 
Humphry Davy. Sir Humphry made him his secretary, and 
Faraday shared in his invention of the miner’s safety lamp. 
Later Faraday’s papers read before the Royal Institution of 
Great Britain advanced research in chemistry, magnetism, and 
the science of lenses. 

Magnets and lines of force. The property possessed by mag¬ 
nets of attracting pieces of iron, such as nails or tacks, is known 
by every one. There is a certain ore called magnetite because it 
was first found in Magnesia, Asia Minor. Another name for it 
is lodestone, which means leading-stone. It was given this 
name because it is a natural magnet. It has been found capable 
of magnetizing pieces of steel. This is accomplished by stroking 
the steel from the center outward with one pole of the lodestone. 
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In a similar manner a steel magnet may be made to magnetize 
a piece of steel. In doing this neither the lodestone nor the 
magnet loses any of its own magnetism. 

The space about a magnet possesses peculiar properties re¬ 
presented by the expression lines of force. If iron filings are 
sprinkled on a paper or glass directly over a magnet, the fil- 
ings, when the paper or glass is gently tapped, will arrange 
themselves in a certain definite manner. It will be noticed 
that they are influenced most markedly near the ends or poles of 
the magnet, because that is where the lines of magnetic force 
are strongest. 

The law of the magnet — Like poles repel; unlike poles at¬ 
tract. Each little iron filing in the experiment just described it¬ 
self becomes a magnet, having a north or positive and a south or 
negative pole. It assumes a certain definite position, because 
it is affected by the lines of force and, being small and light, is 
able to move easily. Its south pole will be attracted by the 
north pole of the magnet, and vice versa. 

To show that unlike poles attract and that like poles repel, it 
is necessary only to place the different ends of two bar magnets 
dose to each other and observe the results. It will be found 
that when two north poles or two south poles are placed close 
together there is no attraction between them; but that when a 
north pole of one magnet is put near a south pole of the other 
magnet an attraction is evident. When we use iron filings, as 
directed in,problem xx, we can see that while an attraction 
exists between two unlike poles, two like poles actively repel 
each other. 

Permanent and temporary magnets. By rubbing a lode- 
stone or an iron magnet along a piece of hard iron it is possible 
to make a magnet. Such a magnet is a permanent one. It 19 
so called because it retains its magnetism after it has been taken 
from the other magnet. Permanent magnets are distinguished 
from temporary magnets, which may be made of soft iron, such 
as a nail. No amount of rubbing a magnet along a soft piece of 
iron will produce a permanent magnet. The soft iron will be a 
magnet only as long as it is kept in the magnetic field of the 
permanent magnet. Thus, if a magnet has a nail, a tack, and 
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some iron filings clinging to it in a more or less straight line, they 
will tend to stick together just as long as the nail is magnetized 
by being kept in contact with the magnet. Just as soon, how¬ 
ever, as the nail is taken from the magnet it loses its own mag¬ 
netism and the objects will fall off. 

The compass and its uses. A compass is a small permanent 
magnet, more or less needle-like in form, so arranged that it can 
move about a pivot in 
a horizontal plane. For 
many centuries the com¬ 
pass has been used by 
navigators as a guide. 

It is supposed to have 
originated in China and 
to have been introduced 
into Europe by the Ital¬ 
ian, Marco Polo, about 
X260 a.d. At first a 
piece of lodestone was 
used as a compass and 
later permanent magnets 
were made of steel. 

The action of the com¬ 
pass depends upon the 
fact that the earth acts like a huge magnet, having its mag¬ 
netic poles practically fixed and situated near the geograph¬ 
ical poles. Therefore, the needle swings approximately into 
a north and south position. 

Before the discovery of the magnet it was necessary to use the 
sun and stars for the purpose of ascertaining directions. It can 
readily be seen that on cloudy days or nights it would be ex¬ 
tremely difficult by such means to be sure of directions. The 
compass, on the other hand, can be used in all kinds of weather. 
It is true that what is referred to as the north pole of a magnet 
or compass is in reality its south pole in that it i6 attracted to the 
north pole of the earth. In like manner, the so-called south 
pole of the compass is really its north pole. However, sden- 



Fig. 229. The mariner’s compass 
What are the names of the sixteen prin¬ 
cipal pointB? 
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tists have decided, for convenience, to call the north-seeking 
pole of the compass the north pole and the south-seeking pole 
the south pole. 

Lines of force about an electric wire. One day in 1819 as 
Oersted was working in his laboratory in Copenhagen he hap¬ 
pened to notice that when a compass was brought near a wire 
through which an electric current was flowing, the needle 
moved. He experimented further and discovered that there 
was a magnetic field of force about a wire carrying an electric 
current, This discovery by Oersted of the relationship be¬ 
tween electricity and magnetism has made possible, as we. 
shall see later, the production of electric bells, telegraphs, 
telephones, and electric motors. At first, however, the great 
significance of the discovery was not realized. 

Making an electro-magnet, By wrapping an insulated wire 
about a piece of soft iron and sending through it an electric cur¬ 
rent, the iron will become magnetized as long as the current 
continues to flow, but will lose its magnetism just the instant 
the current is broken. In other words, under the influence of an 
electric current the iron becomes a temporary magnet. A piece 
of soft iron magnetized through the effect of an electric current 
is called an electro-magnet. 

In addition to this it has been found that the coil of charged 
wire itself is a magnet, having at one end of its axis a north and 
at the other end a south pole. These poles can be made to 
change places by simply reversing the direction of flow of the 
electric current. 

D. ELECTRICAL DEVICES IN OUR HOMES 

Problem 13: Why does an electric bell ring? {Class.) 

Directions : Examine the parts of an electric bell. Can you find every¬ 
thing shown in figure 230? 

Connect an electric bell with a push button and a dry cell to form a 
circuit. What happens when you press the button.? 

If you unscrew the top of the push button you can see how it com¬ 
pletes the circuit when it is pushed. 

Ring the bell again and watch it as it rings. How does the hammer 
move? How does the armature move? 
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To find out why the bell keeps ringing as long as you hold your finger 
on the button, trace the path the current takes from one binding-post 
through the wires to 
the other binding- 
post. When the cur¬ 
rent is passing, how 
does the electro-mag¬ 
net affect the arma¬ 
ture? What does the 
hammer do? 

When the arma¬ 
ture is attracted to Wj, 

the electro-magnet, Jj\ 

does it still touch the 
contact screw? What 
happens then to the 
circuit? Can the 
current pass? Why 
does the armature fly 
back? What does 
the hammer do? 

Whathappens when 
the armature again 
touches the contact 
screw? 



Fig. 230. An electric bell in a circuit 
A, dry cell. F, coils of electro-magnet. 

G, armature. 

H, contact screw. 

J, bell. 

J, hammer. 


B, push button. 

C, metal connection. 

D, binding-post. 

E, spring. 


Questions: 

1. Can you explain 
how the operation of an electric bell depends on an electro-magnet? 

2, Why may a “run-down" battery stop the doorbell’s ringing? 

Diagram: Make a careful diagram of an electric bell in your notebook. 
Label all its parts. 


Problem 14: To study the parts of an electric motor and see how it 
works. ( Pupils .) 

Directions: Part 1: Study of the diagram. 

In figure 231, X is a north pole of a bar magnet, and Y a south 
pole of another bar magnet; P and Q are binding-posts; K and L are 
segments of the commutator; A and B are brushes, which slide on 
the segments; and C-D is the armature, which rotates between the 
poles of the magnetic field. 

The current is flowing around C in a counter-clockwise direction, 
making C a north pole; and around D in a clockwise direction, mak¬ 
ing D a S-pole. 
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X and C, both being IV-poles, repel each other. This repulsion 
drives the armature in a counter-clockwise direction. C and 7 being 

unlike poles, attract 
each other, and pull 
the armature in a 
counter-clockwise di¬ 
rection. D and Y, 
both being 5 -poles, 
drive the armature 
in a counter-clock¬ 
wise direction. D 
and X, being unlike 
poles, pull the arma¬ 
ture in a counter¬ 
clockwise direction. 
Thus, it will be 
observed, all four 
forces drive, the. ar- 
Fig. 231. A diagram to explain how an electric mature in the same 
, . motor works direction. 

If the current 

should be reversed, Cand D would become the opposite kind of poles, 
changing attractions to repulsions, and repulsions to attractions. 
The armature would, therefore, rotate in the opposite or clockwise 
direction. 

The armature of a motor rotates, then, on account of the attrac¬ 
tions and repulsions between the poles of the armature and those of 
the field magnets. 

Part 2: Study of a motor. 

Take apart and set up a small electric motor. 

Identify the following parts: the permanent magnets, the armature, 
the commutator, the brushes, and the binding-posts. Trace the course 
taken by the electric current and find out why the armature revolves 
when the current is flowing in the wires. 

Connect the motor with an electric current and use it to run as many 
devices as possible. 

Problem 15: What is the principle on which an electric bread 
toaster operates? (Class.) 

Directions: Review Part 1 in problem 14 on page 359. Why do the 
wires become hot? 

Let some member of the class bring a toaster to school. The wires 
should show clearly. Connect the toaster with a lamp socket, and turn 
on the current. In how many seconds is the wire red hot? Put a piece 



r1 




Electrical Devices in Our Homes 469 

of bread in the toaster. How long before it is brown? On what two 
conditions does the time it takes to toast the bread depend? On what 
principle does the, toaster operate? 

Summary: Explain the operation of the toaster, with a diagram. 

Problem 16: To operate electric appliances at home. (Home.) 

Directions: Ask your mother to show you how to use the various electric 
appliances you may have at home — such as the iron, sewing machine, 
washing machine, heater, etc. Study the directions sent with the 
appliances. 

If your mother will allow you, take one of the smaller appliances, such 
as the toaster or the waffle iron, to school to demonstrate it to the class. 

The electric bell. The electric bell depends for its operation 
primarily upon the use of an electro-magnet produced as de¬ 
scribed in problem 13. The hammer of the bell, as can be seen 
in the diagram on page 467, is attached to a piece of soft iron. 
T his piece is attracted to the other pieces of soft iron which are 
used as cores, having the wire wrapped around them. The bell 
is so made that when the hammer is drawn down to the tempo¬ 
rary magnets, producing a stroke upon the gong, the circuit is 
immediately broken. Then the iron cores lose their magnet¬ 
ism and the small spring pulls back the armature, as the third 
piece of iron to which the hammer is attached is called. As 
soon as the spring draws this back, however, the circuit is 
again made. The result is that the electric current again flows 
through the wires which magnetize the cores and thus the bell 
is made to ring again. This action is produced very rapidly, 
causing the rapid vibration of the hammer and the ringing of 
the bell. 

Devices dependent upon electric motors. Among the elec¬ 
tric devices dependent upon electric motors for their operation 
are vacuum cleaners, fans, washing machines, ironing machines, 
and refrigerators. The fundamental principles of an electric 
motor have already been studied in problem 14 and will not be 
discussed in the descriptions which follow. 

The electric vacuum cleaner. Two kinds of cleaners are com¬ 
monly used. In one, the vacuum is produced by a piston work¬ 
ing in a cylinder; in the other the vacuum is produced by a fan. 
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Boston Edison Co, 

Figs. 232 and 233, Two modern kitchens 

Each of these kitchens is equipped with electric devices helpful to the 
homemaker. How many of them can you recognize? 
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In the fan cleaners, the air 
is sucked into a bag by a 
fan operated by the motor. 
Many cleaners also have 
brushes, driven by electric 
motors, which loosen the dirt 
6 o that it can be more easily 
sucked into the bag. 

Electric fans are made with 
blades similar to those in a 
propeller. When the motor 
operates, the blades whirl 
rapidly and the air is set in 
motion. Ventilating fans are 
set into the framework of 



Fig. 234. A ventilating fan 
As used in a window 



windows or openings in walls and may be adjusted so that 

they may be used either to whisk 
smoke, stale air, or cooking odors 
out of the window, or to suck the 
fresh outdoor air into the room. 

Electric washing machines are of 
several different types. All are oper¬ 
ated by motors which move the 
mechanism in such a way that the 
clothes are rapidly moved about in 
a bath of hot soapy water. One type 
depends upon the vacuum principle. 
A plunger moving up and down sucks 
currents of steaming air and suds 
through the clothes over a hundred 
times a minute. 

Another type of washing machine 
depends upon the action of centrif¬ 
ugal force. A spinner basket of per¬ 
forated aluminum whirls the clothes 
about in the hot suds during the 
washing process. To rinse the clothes 


Fig. 235. The action of a 
washing machine dependent 
upon the vacuum principle 
With each upward movement 
of the ring plunger, a vacuum 
ia created, drawing the air 
down between ring and tube; 
with each downward stroke 
it is forced upward through 
the water and clothes. Alter¬ 
nately the clothes are gently 
squeezed together, then puffed 
open, separated and suspended 
loosely in the steaming suds 
while the waves of air, soap, 
and water are driven through 
the fabric T36 times a minute. 
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the water is removed, and the same basket spins about with 

the clothes inside it. The mois¬ 
ture tends to fly off from the cen¬ 
ter, through the perforations. (See 
figure 236.) 

Still a third type uses a perforated 
cylinder inside a metal tub. The 
cylinder under control of the motor, 
makes a partial revolution and then 
reverses its motion. Inside the 
perforated cylinder in the illustra¬ 
tion are five bars, which lift the 
clothes and let them drop of their 
Fig. 236. A washing ma- own weight as the cylinder swings 

triS e aHo P rce dent “ Cen ‘ b ackandforth - Thus the hot suds 
permeate the clothing thoroughly. 
Electric ironing machines. One of the greatest time-savers in 
thoroughly up-to- 

date homes is the PUSH SWITCH iHONlttQ poll WDNWMOL 


date homes is the 
electric ironer. (See 
figure 237.) The 
ironing roll is turn¬ 
ed by the motor. 
The ironing shoe, 
which is heated by 
gas, is held in posi¬ 
tion justfar enough 
away from the roll 
to allow the articles 
to pass between 
them. If you have 
an ironing machine 
in your home, can 
you explain its ac¬ 
tion to the class? 

Electric refriger- 


Fig. 237. An electric ironing machine 
When in operation the clothes are pressed between 


„ tj ,. the heated shoeand the ironing roll, which is turned 
ators. Refrigera- by the electric motor. 




Electrical Devices in Our Homes 473 

tion or cooling occurs whenever heat is removed from anything. 
A refrigerant is a substance that causes cooling. Certain liquids 
can be used as refrigerants because they boil at low tempera¬ 
tures. Whenever a liquid boils it absorbs heat. To boil water 
we have to supply heat at a temperature of 212 degrees. Sulphur 
dioxide boils at 14 degrees Fahrenheit or 18 degrees below the 
freezing point of water. Therefore if a vessel containing sulphur 
dioxide were placed in a room at any temperature above 14 de¬ 
grees, it would begin to boil and take heat from whatever was 
next to it. The vessel would become very cold, and frost would 
form on it. Sulphur dioxide is a good refrigerant, and it is used 
in the great majority of electric refrigerators. When sulphur di¬ 
oxide boils, it absorbs 168 times as much heat as it would absorb 
in being-raised from 13 degrees to 14 degrees Fahrenheit. When 
it is allowed to boil in a container in an electric refrigerator, it 
absorbs heat from the food in it. The food therefore becomes 
cooler. The sulphur dioxide carrying the heat from the food is 
drawn out of the refrigerator and compressed. When a gas is 
compressed it becomes warmer. (You may have noticed that a 
bicycle pump when in use becomes warm. Refer also to page 
140.) If the compressed sulphur dioxide is cooled, it will con¬ 
dense to a liquid which can then be used over again to cool 
the food in the refrigerator. One type of electric refrigerator 
mechanism is illustrated in figure 238. The part above the 
dotted line is in the refrigerator, while the part below is under 
the refrigerator. It operates as follows: 

Liquid sulphur dioxide (SOs) is supplied to the cooling coil (i) through 
the small copper tube, known as the liquid line (2) until the liquid level 
reaches the proper height, causing the float (3) to rise and the needle 
valve (4) to close. 

The liquid in the coil absorbs the heat in the refrigerator. This heat 
causes a portion of the liquid to expand into gas, This heated gas col¬ 
lects in the top of the coil. The pressure of the gas, transmitted through 
the suction line (8) then closes the switch (5) on the motor (6), which 
starts the compressor (7). 

The compressor, now acting as a pump, draws the gas from the top of 
the coil through line (8) down into the crankcase (9). 

The compressor pistons (10) now force the gas up through a valve 
(11) in the head of the cylinder and out into the condenser coils (12). 
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As a result of the gas being forcibly compressed into the condensing 
coils, it becomes hotter than the surrounding atmosphere and heate the 
coils. 

These coils are cooled by air, which is forcibly blown across them by 
the flywheel fan (13). Upon being cooled, the gas, still under compres¬ 
sion, changes to a liquid and flows down into the tank at the bottom 
(14), which is known as a receiver. Here the liquid is stored under 
pressure until the float valve sinks enougli to open the needle valve (4). 



Fig, 238. The operation of one type of electric refrigerator 

(Fripiaire) 

Devices dependent upon the heating effect of electric cui« 
JWts, In your study of lighting you have learned something 
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about resistance in electric wires to the passing of a current, and 
the production of consequent heating and lighting effects. 
Since many of our electric devices to-day depend upon this prin¬ 
ciple it is advisable for every one who uses electricity in the 
home to understand it. Among these devices are irons, heat¬ 
ers, toasters, and electric ranges. 

The electric iron is one of the simplest of the electric devices, < 
and the most widely used. In the base of the iron is a coil of 
wire which offers a very high resistance to the passage of the 
current, with a consequent heating effect. The wire used in 
many irons is nichrome. It is held in position by enamel, baked 
in such a way that no part of the nichrome wire can touch an¬ 
other part, and thus cause a short circuit. 

Great care should be exercised after you use an electric iron 
that it is completely disconnected. A safe way is always to dis¬ 
connect the wire at the socket. Fires 
caused by carelesfc use of irons cause 
thousands of dollars' loss every week. 

Electric heaters and toasters. The 
number of heaters and toasters used 
is constantly increasing. They both 
depend upon the same principle, that 
the wire carrying the current offers so 
much resistance that it is heated to 
glowing. 

In the heater shown in figure 239, 
the heating element, made of nichrome 
wire, may be removed like an electric 
bulb. The reflector is made of cop¬ 
per, so shaped that the heat is radiated into the room. 

Electric ranges. In the most modern kitchens electric ranges 
have taken the place of the stoves of all the older types. The 
heating elements, as in other electric heating devices, usually 
consist of coils of nichrome wire so placed as to heat metal 
plates. Each plate, as well as the oven and broiler heating 
coils, is controlled by a separate switch and fuse. (See. figure 
240, page 476.) 



Fig. 239. An electric 
heater 
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Pig, 340. An electric range 

This shows the heating units on the top of the range, the oven heat- 
indicator, and the switches that control the various heating units. 


The advantages of electric stoves are their cleanliness, 
quickness, and also their economy, when once installed. They 
do not heat the kitchen so much, nor use up the oxygen of 
the air as gas ranges do, It is claimed that foods retain their 
flavor better and shrink less when cooked in an electric oven, 
since it is unnecessary to maintain a rapid circulation of air in 
the oven — as is essential in a gas oven — to carry off the 
fumes, 

Direct and alternating currents. If you examine the name 
plates on motor-driven devices, you will find that they indicate 
the type of current to be used, and, if this is an alternating cur¬ 
rent, they will also indicate the frequency. This labeling is 
necessary because in different communities the nature of the 
electric service differs, and it is important to secure the kind of 
device that is intended for the particular kind of current that is 
available. 

As already indicated, there are two kinds of electric currents 
that may be used to operate the motors of the various kinds of 
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electric devices used to-day. The term direct current, desig¬ 
nated D.C., is applied to an electric current that flows continu¬ 
ously in one direction. The term alternating current , designated 
A.C., is applied to the current which changes its direction 
periodically, the rate of its change being known as thefrequency. 
These reversals of direction occur rapidly and regularly. There 
are some small motors that may be used on either direct or alter¬ 
nating currents, but most motors are intended for only one 
type of current. Heating appliances may be used on either 
type of current. 



Fig. 341. Diagram of a power line 
This shows voltages used between the power station and your 
home. G, generator — o, step-up transformer —- b, step-down trans¬ 
former — c, step-down transformer. 

Voltage. Besides determining the type of current with 
which your home is supplied, if you intend to use electric de¬ 
vices, it is also necessary to know the voltage of the circuit. 
Voltage is electrical pressure. In the case of direct current, the 
voltage corresponds to the pressure of water in a pipe. With 
alternating current the pressure changes direction many times 
a second. The majority of electrical systems supply currents 
of approximately no volts, although in some communities the 
voltage is about 220. Since the amount of current that will 
flow through any device is dependent upon the voltage that is 
supplied, it follows that, in order efficiently to operate any 
device, it must be used only in connection with .the particular 
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voltage for which it was made. Thus, if a device intended for 
use in a 1 io-volt circuit is used in one of 220 volts, it will in all 
probability be damaged, since the current is excessive. On 
the other hand, if a device intended for a 220-volt circuit is 
used in one of no volts, the current will be too weak to operate 
the machine effectively. It is, therefore, very important that 
these facts be taken into consideration when purchasing electric 
devices for the home. 



!Fig. 242. The distribution of electric power 
After electricity is generated as explained in figure 228, page 463, the 
Current ia sent to the step-up transformer or high-voltage switching station, 
which increases the voltage. It is then carried by transmission lines to 
sub-stations, where the voltage is reduced. A primary line carries the 

f lower to distribution transformers, from which it is sent through secondary 
ines to the streets. Electricity enters the buildings through service lines, 
and then passes through a meter and a safety fuse box to the various outlets 
into which devices are plugged. 


Connecting cords and their plugs. It is generally known by 
persons using an electric device in the home that the plugs 
which are used to connect the device have two prongs. These 
make contact with the service wires which bring the electric 
current into the house. In other words, an electrical circuit 
must be maintained between the device and the generating 
station. The cords which are used to connect the plugs with 
the device contain copper wires which also help to make the 







Electrical Devices in Our Homes 


479 


circuit complete. The most common cause interrupting the 
operation of any of these devices is a break in the circuit. This 
may result if the plug is not properly inserted, or if there is a 
break in the wires in the cord. It is well, therefore, to take 
good care of the cords, which when not in use should be coiled 
in large loops so as not to break the wires and should then be 
stored away carefully. 

The fuse and its use. Another common cause interrupting 
the flow of electricity 

is the melting or "blow- _ _ 

ing-out” of the fuse. SBrx M 

The fuse may be con- Yllfee 

sidered as a kind of H / jf 

safety-valve, since its 

J . , rContactwith 

purpose is to open or inaukied Plu# 

break the circuit when pig. 243. An electric fuse, and its parts 
an excess current passes 

through it. If this provision were not made, the wires carry¬ 
ing the current might become so hot as to result in serious 
damage, even producing a disastrous fire. The most im¬ 
portant part of the fuse consists of a soft wire through which 
the current must pass and which will melt or “blow out" if the 
current is too strong. If a fuse melts, another one has to be in¬ 
stalled in order to complete the circuit. In doing this, it is neces¬ 
sary to be careful not to get an electric shock. It is best to turn 
off the electric current entirely by opening the switch whenever 
a fuse has to be inserted. 

The cost of electricity. The unit for determining the amount 
of electricity used in the home is known as the kilowatt hour, 
which represents a definite amount of electric energy. The 
electric meter, as you have already observed in problem 15 on 
page 359, keeps a record of the amount of electricity consumed 
in the home. The cost of running most of the electric devices 
mentioned in this project is very little, varying somewhat with 
the particular rates charged in different communities. 
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REVIEW OUTLINE 

I. Photons and electrons 
II. Three ways of producing electricity 

A. Static electricity 

1. Derivation of the word 1 ‘electricity M 

2. Positive and negative charges 

3. Conductors and non-conductors 

4. Lightning 

B. Galvanic electricity 

1. The discoveries of Galvani and Volta 

2. Electric cells 

0. Where the electrical energy comes from 

b. Some common types 

(1) Gravity cell 

(2) Sal-ammoniac cell 

(3) “Dry’' cell 

3. Electric batteries 

а. In series 

б. In parallel 

c. Storage batteries 

(1) How to test the charge with a hydrometer 

C. Magnetic or dynamic electricity 

1. The connection between magnetism and electricity 

a. Motors 

b. Generators 

2. Magnets 

a. Natural magnets 

b. Lines of force 

c. The law of the magnet 

d. Permanent and temporary magnets 

e. The compass and its uses 

3. Electro-magnetism 

a. Lines of force about an electric wire 

b. How to make an electro-magnet 

D. Electrical devices in our homes 

1. The electric bell 

2. Devices dependent on electric motors 

a. Vacuum cleaner 

b. Electric fans 

c. Washing machines 

d. Ironing machines 

e. Refrigerators 
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3. Devices dependent upon the heating effect of electric 
currents 

a. Electric iron 

b. Heaters and toasters 

c. Ranges 

4. Direct and alternating currents 

5. Voltage 

6. Connecting cords and plugs 

7. The fuse and its use 

8. The cost of electricity 

INDIVIDUAL PROJECTS 
Working projects: 

1. Demonstrate to the class some electrical appliance not studied in 
the laboratory. 

2 . Make an electric toaster or an electric warming pad. The Practi¬ 
cal Electrical Projects Company, Highland Park, Illinois, can fur¬ 
nish material and directions for malting such articles. 

3. Determine the cost of operating different electric devices in the 
home. 

4. Secure catalogues and descriptive leaflets of different electric de¬ 
vices, and, as far as possible, compare their relative merits. 

5. Make electrical toys. 

Home-Made Toys for Girls and Boys. A. N. Hall. Norwood Press. 

Electric Toy Making. Sloane. Henley. 

6. Wire for buzzers and electric doorbells. 

The Book of Electricity. A, F. Collins. Appleton. 

Harper's Everyday Electricity. D. C. Shafer. Harper. 

7. Procure several fuses, both new and burnt-out. Explain to the 
class how fuses protect our houses. 

8. Make a study of a storage battery. If you can procure an old one, 
take it apart to find how it is constructed. See figure 227. Show 
its construction to the class. 

9. By using a hand compass, make your way across a playground or 
open lot from north to south. If possible try the same experiment 
in a piece of woodland. Try it on a city street. Is the compass 
needle ever deflected in an unexpected way? If so, can you ac¬ 
count for it? 

10. Experiment with electroplating. For directions, see 

Electricity Book for Boys (pp. 266-90). J. H. Adams. Harper. 

Chemistry and its Mysteries (158-70), C. R. Gibson. 

11. Make a survey of several of the industries of your town, to find out 
how they use electricity. 

Reports: 

I. Benjamin Franklin and his electrical experiments. 

The Story of Great Inventions. E. E. Burns. Harper. 

The Story Book of Science (pp. 165-71), J. H. Fabre.. Century. 

Heroes oj Science (pp. 134-63). C. R, Gibson. Lippincott. 
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Select one of the books listed below, What can you find in it to 
make or to report upon? 

BOOKS THAT WILL HELP YOU 

All About Electricity, G. D, Knox. Funk, 

Ue Book of Electricity, B. M, Parker. Houghton, 

Tke Boy Electrician, A, P, Morgan, Lothrop. ( 

Electrical Amusements atii Experiments, C. R, Gibson. Lippincott. 
Electricity Book for Boys, J, H, Adams, Harper, 

Electric^ animinlm, D, C, and J. P, Jackson, Macmillan, 
Eiieryhy Electricity, J. R, Lunt, Macmillan, 

Everyday Electricity, H, T. Wade, Little, 

EiomMojElectricity, Hot-Point Electric Heating Co,, Chicago, 
Practical Efeclricity for Bepms, G, A, Willoughby, Manual Arts 
Press, Peoria, III, 

Be Romm oj Men Electricity , C, R, Gibson, Lippincott, 



XVIII 

COMMUNICATION 

Importance of communication to our civilization. As long as 
people live in small groups, in villages and tribes, communica¬ 
tion by the spoken word may be enough, as is the case among 
primitive people. As settlements become more numerous, 
however, and the distances between them increase, other means 
of communication become necessary. Before the discovery of 
America the Indians had developed to a high degree the art of 
signaling. Some of their methods were much like those now 
used by Boy Scouts and Girl Scouts. 

The art of writing was developed by very ancient peoples. 
Before early man learned how to write with characters or letters, 
however, he knew how to draw. Scientists have learned much 
about the human beings who lived thousands of years ago from 
the drawings that they made on cave walls, and on bones and 
antlers. The men who made these drawings, away back in the 
Stone Age of the world, could communicate with each other only 
slowly by means of them; and they could communicate only a 
few of their thoughts. It was not until the invention of the al¬ 
phabet, with each letter representing a definite sound, that 
there was any great advance in the easy passing along of ideas. 

The first written messages and the first "books" consisted of 
day tablets into which were pressed the letters of the alphabet. 
These were preserved by baking, The first "paper" was the 
papyrus of the Egyptians, made from reeds that grew along the 
Nile and its canals. But even through the written word com¬ 
munication was a slow process particularly between distant 
peoples. 

To-day by means of the telephone, the telegraph, submarine 
cables, radio stations, newspapers, and the mails, even the small¬ 
est community can usually very quickly get news about events 
that may be happening thousands of miles away. In this chap¬ 
ter we shall find out how some of these modem methods of com¬ 
munication have been made possible. 
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THE PROBLEMS 

A. On speech and signals. 

1. To examine my organs of speech. 

2. To learn to signal with the International Morse 

Code. 

B. On writing and printing. 

3. A trip to a newspaper office. 

C. On the telegraph and the telephone. 

4. To study a telegraph set. 

5. To study the telephone. 

6. A trip to a telephone exchange. 


A. SPEECH AND SIGNALS 

Problem 1: To examine my organs of speech. (Home.') 

Directions: While standing before a mirror, find the following organs: 
the voice-box or larynx, the mouth, lips, tongue, and teeth. 

Try to speak without moving the lips. What is the result? 

Try to speak without moving the teeth. What is the effect? 

Hold the tongue in an immovable position. What is the effect on 
speech? 

Hold your fingers on your larynx while you first whisper and then 
speak loudly. Can you detect any difference? 

Hold your fingers on your larynx while you pronounce each vowel 
very distinctly. Do you detect any muscular changes? 

Problem 2: To learn io signal with the International Morse Code. 

{Pupils.) 

Directions: 

{Note: The International Morse Code is the one most widely used 
for signaling. It may be used with hand flags by day and with 
torches, lanterns, or flashlights by night. It may also be used with 
whistle, horn, drum, or telegraph instrument.) 

If you wish to memorize the code, the best way is to pronounce 
11 dit" for a dot, and " dah" for a dash, thus A is “ dit dah.” 
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Speech and Signals 


Numerals 


Letters 

International Morse 

Figures Morse 

A 

• — 

l 

B 

m • • • 

2 — 

C 

m • — # 

3 — 

D 

Mat 

4 ••••>» 

E 

* 

5 . 

F 

• • M • 

6 ■■•••• 

G 

— — 1 • 

7 " — • •• 

H 

• • M 

8 -- 

I 

• • 

9 - 

J 

--— 

o - 

K 



L 

• — a • 

Punctuation 

M 

N 


. Period ...... 

^ m 

: Colon — — •»• 

0 

™ MW* 

j Semicolon . 

p 

Q 




? Interrogation 

S 

• m a 

1 Exclamation --- 


- Fraction Line - • * - • 

T 

U 

i 

( ) Parenthesis — »— • 

V 

• • • — 

I. A dash is equal to three dots. 

w 

• ™ ** 

a. The apace between parts of the same letter la 
equal to one dot. 

X 

— • ■ 

3. The space between two letters Ss equal to three 

Y 


dots. 

4. The space between two words is equal to five 

Z 


dots. 


The organs of speech. The universal means of communica¬ 
tion is the spoken word. No one knows under just what cir¬ 
cumstances the different languages have come into existence, 
although we do know that they have changed and are changing. 
The part of the body which makes speaking possible is located 
in the neck in the upper part of the wind-pipe or trachea. In 
man, it is sometimes called the Adam's apple, although it is 
more properly termed the voice-box or larynx. It consists es¬ 
sentially of two cords of tissue that can be moved by muscles. 
The muscles are able to hold the cords in such a position that 
they can vibrate when air is forced through them. These vi¬ 
brations make speaking possible. The different sounds that 
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the human voice is capable of making are also partly due to the 
forms of the mouth, throat, and nasal passages, as well as to the 
positions which the tongue and teeth are made to assume. 



Fig. 244. The vocal bands 

Looked at from above: A, in quiet inspiration; B, in singing a low 
tone; C, in singing a nigh tone. 


Signs and signals. Supplementing the spoken word, prob¬ 
ably the most ancient of all methods of communication was by 
signs and signals. If you could imagine yourself shipwrecked 
on a coast where the natives could not read, write, or speak your 
language, you would still be able to convey ideas to them and 
they to you by means of motions which might properly be called 
a sign language. As a matter of fact, this kind of language is 
used a great deal even in our times when we have wonderfully 
developed methods of communicating with each other. 

There are many different methods of signaling. Boy and 
Girl Scouts learn how to signal with flags, and there is a very 
important branch of the army, known as the Signal Corps, 
where the men are taught many methods of signaling. On 
ships at sea also signaling is used to a large extent, although 
the radio signals have superseded some of the older methods. 

The International Morse Code. The code used by thp army 
and navy, as well as for cabling and wireless telegraphy, is 
known as the Continental Code , the International Morse Code, or 
the General Service Code. It may be used in many ways — 
with hand flags by day, or with torches, lanterns, flashlights, or 
searchlights by night. It may also be used for sound signaling, 
with whistles, drums, bugles, or buzzers. Listeners-in with 
radio sets are familiar with code messages which sometimes 
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interrupt the concerts. Some of these messages may be in the 
International Morse Code. So general is the use of this code 
that it is an advantage to know it. (See page 485.) 

Heliograph signaling. One device for using the International 
Morse Code, valuable from a scientific standpoint, is the instru¬ 
ment known as the heliograph , which means ‘‘sun writer." Its 
essential part is a mirror which reflects the sun’s rays, and can 
be used to show dots and dashes by short and long flashes. 
Signals can be sent over many miles by this method. 

The Ardois system of signaling. Between ships which are 
near enough to be seen from each other, the Ardois system of 
light signals is used, especially at night. Five lanterns are sus¬ 
pended in a vertical line from a mast or yard-arm. Each lan¬ 
tern contains a red and a white electric lamp, either of which 
can be switched on from a keyboard. Thus any combination of 
the two colors can be shown. A dot is indicated by a red light; 
a dash by a white light. For example, the letter A, ‘‘ dot-dash " 
in the code, is shown as red-white; B is white-red-red-red; C, 
white-red-white-red. These lights are shown at the same time 
— one, two, three, four, or five, as may be necessary to repre¬ 
sent the code letter being sent. 

Signaling by semaphore. The semaphore is a machine with 
two movable arms which, placed in various positions, indicate 
letters. The semaphore code may also be used for signaling 
with hand flags, although its use is limited to short distances. 
Semaphore signaling is the quickest method of flag signaling 
and is used constantly by the navy and by scouts, but it is not 
adapted to as many uses as is signaling with the International 
Morse Code. If you know the semaphore code, can you dem¬ 
onstrate it to the class? 

B. WRITING AND PRINTING 
Problem 3: A trip to a newspaper office. {Class.) 

Directions: The following are some of the questions that should be in 
four mind while making the trip: 

What are the different ways in which news is collected? 

How large a locality is served by the newspaper? 
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What is the difference between local and foreign news? How is 
foreign news obtained? Has the paper Associated Press service? If so, 
what is the general nature of the news thus obtained? 

What is the purpose of a linotype machine? Of a monotype machine? 
Observe them in operation, if possible. 

How many papers can the presses print in one hour? If possible, 
observe them in operation. 

Summary: Listen attentively to the information given you and write a 
report of your visit according to the plan suggested in the questions. 

How writing developed. Another very early method of com¬ 
munication was by writing. At first the forms of writing were 
very crude. For example, pictures and symbols were chiseled 
on stone. Thus the early Egyptians wrote what we now call 
hieroglyphics. It was in recent years that some of these early 
writings were deciphered. Later, a system of letters was 
evolved, the letters standing for sounds, certain combinations of 
which would form words. After stones, parchment and paper 
were used for writing. Then it became necessary to use pencils 
or pens and writing fluids. 

Printing presses. At first all documents, as well as every¬ 
thing else, were written by hand. 11 was not until the fifteenth 
century that a printing press was made. To-day some of the 
great printing presses are able to print as many as one thousand 
newspapers a minute. In the large newspaper offices there are 
three or four of these huge presses, some of which are kept busy 
all the week preparing for the remarkable Sunday editions. 

How “ news ” is communicated. If a great disaster happens 
anywhere in the world, if a change in government takes place, 
even if some interesting event of merely local importance oc¬ 
curs, the whole world may know it in a few hours. The credit 
for this rapid distribution of "news" is due, not orfly to tele¬ 
graph and telephone systems, cables, and radio, but to the great 
modern newspapers. 

The making of a newspaper. Perhaps you have never 
thought very much about just how a newspaper is made. 
First, it is necessary to collect the news. This may be ac¬ 
complished by reporters who for the moBt part collect local 
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news, and by other men who through the use of the telephone, 
the telegraph, the cables, and wireless telegraphy report events 
happening at a distance. After this news is received and ex* 
pressed in the form of articles, it then becomes necessary to set 
it in type. Setting up type was formerly entirely done by hand. 
In recent years the ingenuity of inventors has resulted in pro¬ 
ducing very wonderful machines, such as the linotype (“line- 
o’-type"). The operator sits in front of a keyboard and uses 
keys much like those of a typewriter. As the letters and other 
symbols are touched on the keyboard, the various molds drop 
into place. The machine then presses these molds against 
molten metal. This mass of metal cools and forms a line of 
type; hence the name. The next step is to put the type in 
place in large "forms,” each of which represents a page of the 
newspaper. These forms are put in place in the great presses 
which are then set running. The presses print, fold, and count 
the papers, and the largest ones turn out as many as one 
thousand copies a minute. Of course, the large publishing 
companies also make use of presses similar to these in printing 
magazines and books. 


C. THE TELEGRAPH AND THE TELEPHONE 


Problem 4: To study a telegraph set. ( Class .) 


Directions: \ 

Part 1: The parts. Study first the key. Where are the wires at¬ 


tached? Press down the lever. 
Release the lever. What hap¬ 
pens? Where is the spring? 
When not in use, is the circuit 
open or closed? 

Examine the sounder. Where 
are the wires attached? Trace 
the path of the electric cur¬ 
rent from one binding-post to 
the other. Where is the electro¬ 
magnet? Of what material is 
the armature made? Why? 


Is the circuit open or closed now? 



Fig. 245. A telegraph instrument 
Find the electro-magnet, the sounder, 
and the button. 


Part 2: How it works, Con¬ 
nect a telegraph key and sounder in a circuit with a battery of at least 
two dry cells. Press down the key. What happens in the sounder? 
Release the key. What happens in the sounder? 
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carbon pieces are pressed closely together, will the current be light or 
heavy? What will be the effect on the diaphragm in the receiver? 
Summary: Show by diagrams the essential parts of a telephone set. 

Problem 6: A trip to a telephone exchange. (Class or group.) 

Directions: Try to obtain answers to the following questions: 

How does the operator know when there is a call? 

What does the operator do when she puts you in communication 
with some one over the telephone? 

How large a locality is served by the exchange you visited? 

What is the work of the different operators? 

How are long distance connections made? 

Summary: Listen attentively to what is told you on the trip and write 
a report of your visit. 

The telegraph. The telegraph depends upon the same funda¬ 
mental principle as the electric bell. As you have found in 
problem 3, tapping sounds can be made at any desired intervals 
by simply making and breaking an electric circuit in the wire 
connected with the instrument. A metal hammer, or armature, 
is so placed that it is held by a spring a short distance above a 
soft-iron core around which is wound insulated wire connected 
with a battery. When the current is passing along the wire, 
making the soft iron a temporary magnet, the metal hammer is 
drawn to the core and held there as long as the current passes. 
When the circuit is broken, however, the hammer is released 
and flies back to its original position. A key is so arranged that 
by pressing the button the circuit is closed, and by releasing the 
button the circuit is broken, The hammer or armature may 
thus be made to give a series of taps upon the iron core corre¬ 
sponding precisely with the pressing and releasing of the key- 
button. A person working the key, or “transmitter," can thus 
send signals to another person within hearing of the hammer 
strokes on the magnet. By varying the intervals between the 
clicks it is possible to transmit messages by means of a code. 
A very short interval represents a dot; a longer one a dash. 

Samuel F. B. Morse, the inventor of the telegraph instru¬ 
ment, found that many difficulties must be overcome before his 
invention was satisfactory for practical use. He found, for 
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example, that when a very long wire was used the receiving 
ins trument no longer responded to the making and breaking of 
the circuit. To overcome this difficulty he found it necessary 
to strengthen the current at certain intervals with "relays," 
which are very sensitive instruments similar to telegraph sound¬ 
ers. The relay is operated by the feeble current received on the 
line wire, and it in turn makes and breaks the circuit consisting 
of a local battery, the wire, and a regular sounder. 

Another important additional invention of Morse’s was a 
method of recording the messages received on a moving strip of 
paper tape. The advantages of using a tape are that the mes¬ 
sage does not have to be deciphered the instant it arrives, and 
that a permanent record is made. 

When the telegraph was first being talked about, people could 
not believe that communication between distant places was pos¬ 
sible. It was only after a great deal of hesitation that Congress 
in 1844 appropriated $30,000 to set up a telegraph line between 
Washington and Baltimore. The first message over the wire 
was sent by the inventor— "What hath God wrought!" 

Submarine cables. Shortly after telegraphy on land became 
an assured reality, it occurred to some people that it might be 
possible to establish telegraphic communication across the At¬ 
lantic Ocean. Cyrus W. Field, an American, became very 
much interested in this idea, and in 1854 attempted to lay a 
cable between Canada and Newfoundland but was unsuccessful. 
The next year, however, he succeeded.in this project. Two 
years later, in 1858, after two unsuccessful attempts during 
which the cables broke in mid-ocean, he finally succeeded in lay¬ 
ing a cable across the Atlantic Ocean. This, however, was only 
a partial success, since too large a current was used with the re¬ 
sult that the cable was destroyed after the interchange of only a 
few messages. Not disheartened by these failures Field again 
in 1865 made still another attempt, and after losing one thou¬ 
sand miles of cable, was rewarded with success. By the use of 
submarine cables to-day, we receive news about great events 
happening in Europe fully as soon as the people living in 
European cities. Not only is this true, but the whole world has 
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been closely connected, because many other cables have been 
laid, some -in other oceans besides the Atlantic. The most 
recent trans-oceanic telegraph cables are capable of transmit¬ 
ting in a given time several times as much traffic as the earlier 
cables. This is made possible by the use of a new magnetic 
alloy called “ permalloy," which was developed a few years ago 
in the research laboratories of the Bell Telephone System. 

The telephone. The operation of the telephone receiver, 
like that of the electric bell and the telegraph, is also largely 
dependent upon the use of electro-magnets. 

The name of Alexander Graham Bell should be associated 
with the telephone, since he was the inventor, although many 
others contributed to the perfection of the instrument. In fact, 
it should be understood that no one man is alone responsible for 
the production of either the telegraph or the telephone. They 
are the fruits of the labors of many workers, extending back to 
Oersted in 1819 and even further; for Oersted’s discovery could 
not have been made had not others before his time discovered 
even more fundamental principles. 

The receiver. To learn to understand the telephone, we shall 
consider first the receiver, since the basis of its operation is an 
electro-magnet. The essential parts of the receiver are arranged 
as shown in figure 246, page 490. Note the magnet which car¬ 
ries two small coils on its extremities or poles, these in turn lying 
just behind the diaphragm, which is of iron. During operation 
a telephone current flows through the coils, thereby varying the 
strength of the pull which the magnet exerts upon the dia¬ 
phragm. 

The telephone current which flows through the receiver coils 
is not simply intermittent like the current which actuates an 
electric bell or a telegraph' instrument. While a conversation 
is in progress the telephone current flows uninterruptedly, but 
its magnitude fluctuates with extreme rapidity—thousands of 
times per second. These fluctuations in current mean a con¬ 
stantly varying pull of the magnet upon the diaphragm and, 
as the diaphragm bends slightly under the influence of the 
magnet, this varying pull causes the diaphragm to vibrate back 
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and forth somewhat after the manner of the head of a drum. 
The remarkable fact regarding this arrangement is that the 
vibrations of the diaphragm are an exact copy of the fluctua¬ 
tions in the exciting current. Hence, whatever sound the cur¬ 
rent fluctuations represent will be reproduced by the receiver 
diaphragm. 

The transmitter. You will naturally next ask the question as 
to how the fluctuations of the telephone current are caused to be 
an exact copy of any sound, and especially sounds as compli¬ 
cated as those of human speech. To answer this question we 
must consider the 11 ear " of the telephone, the transmitter as it is 
called. The transmitter has a diaphragm which receives the 
vibrations of the voice just as does the ear drum of the human 
ear. Within the human ear these motions are taken up by 
the nerve-ends and the resulting sensations sent on to the 
brain — we do not know how, for we know less about transmis¬ 
sion along the nerves than we know about electrical transmis¬ 
sion along wires. 



Fig. 248. The parts of a telephone circuit from speaker to 
listener 

i, sound waves; 2, diaphragm of transmitter; 3, carbon granules; 4, wire; 
5, electro magnet; 6, diaphragm of receiver; 7, sound waves. 

The transmitter with its diaphragm corresponding to the ear 
drum is shown in figure 247. Just back of the diaphragm is a 
small chamber partly filled with grains of carbon — less than a 
teaspoonful — which, except for their black color, remind one 
of granulated sugar. Through this chamber of carbon granules 
a battery sends an electric current as indicated in figure 248. 
From grain to grain and through the connecting wires a current 
flows, and so long as no sound enters the mouthpiece of the 
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transmitter this current is quite steady. However, the presence 
of a sound, as when we speak into the transmitter, causes the 
diaphragm to vibrate and this motion is in turn imparted to the 
carbon grains. At any instant when the grains are packed 
closely together, it is relatively easy for a current to flow through 
the transmitter and the resulting current is large; when the 
pressure from the diaphragm is released the grains tend to fall 
apart and the current is correspondingly reduced because of the 
higher resistance path which it encounters. 



BELL TEL E PHONE 


Fig. 249- A photograph of a word spoken into the telephone 
The electrical flashes of the words "Bell telephone.*' 

From the accompanying picture, figure 249, it may be seen 
how complicated the sound waves of the voice are and therefore 
how sensitive a device the telephone transmitter must be in 
order to produce a current whose variations are an exact copy 
of the waves. In figure 249 a short record of a typical tele¬ 
phone current is reproduced. This record was made upon a 
photographic film by causing the telephone current to control 
the motion of a small spot of light. The sharp saw teeth of the 
record represent vibrations recurring at the rate of about one 
thousand per second. 

Long-distance and transatlantic telephony. Every tele¬ 
phone current is of this rapidly fluctuating sort, and telephone 
lines wherever they are run must carry these currents, preserv¬ 
ing even their most minute variations, so that when they 
finally operate a telephone receiver the sounds reproduced will 
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be intelligible. The problem of faithful transmission is, of 
course, relatively simple in the case of telephone lines only a 
few miles long. But the development of telephone apparatus 
has now progressed to such a degree that distance represents 
no impediment to service. In the telephone laboratories an 
artificial line has been constructed which corresponds in all 
electrical respects to an open wire line long enough to circle the 
earth, about twenty-five thousand miles, and messages are suc¬ 
cessfully sent over it. In actual practice, service is now being 
given regularly between San Francisco and Havana, Cuba, a 
distance of over five thousand miles, by telephone wire and 
cable. Service is also regularly given between North. America 
and most of Western Europe, conversations being transmitted 
across the Atlantic by radio circuits which connect the Amer¬ 
ican and European telephone systems. Plans are under way 
for a transatlantic telephone cable, to provide additional 
facilities. The development by telephone research engineers 
of highly magnetic alloys known as “perminvars” has paved 
the way for the construction of such a cable. 

From'the scientific laboratory rather than the workshop have 
come the discoveries and inventions 
which have made long-distance tel¬ 
ephone transmission possible. In 
traversing any telephone line the 
voice currents grow steadily weaker, 
and in circuits greater than a certain 
length it would be impossible to tel¬ 
ephone at all unless means were at 
hand for restoring the currents to 
somewhat their original value. The 
rate at which a telephone current 
diminishes during transmission is 
very rapid and may be expressed as 
__ follows: if the current after passing 

Fig. ago. A vacuum tube ? ro ^ h a line ° n r e hundred miles 
used in a telephone re- long is one tenth of that supplied at 
P ea t e r the transmitting end, then through 
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the next one hundred miles of line this current will be again 
diminished to one tenth, that is, one hundredth of its initial 
value; similarly in going through a three-hundred-mile line 
it will be diminished to one thousandth of its original value. 
The rate of loss is therefore enormous and the need of an am¬ 
plifier or restoring mechanism in long distance telephony is 
imperative. 

The mechanism used is a rather complicated association of 
electrical apparatus known as a telephone repeater, and while 
the details of its operation are too involved to describe hei'e, 
those readers who have radio receiving sets will be interested in 
knowing that it makes use of vacuum tubes in a very essential 
way. In fact, the vacuum tube originally invented by E>r. Lee 
DeForest was used for radio reception. It was subsequently 
developed by telephone engineers into the reliable device now 
utilized in long-distance telephone transmission. The amaz- 


Fig. 251. Telephone operators at “ central ” 
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ing accuracy of the vacuum tube repeater can be illustrated 
in no better way than by stating that a telephone current, 
which has been restored twenty times by passing through as 
many repeaters on its journey from San Francisco to Havana, 
is still perfectly intelligible even to the point of preserving the 
personality of a speaker's voice. 

The “central.” A complete telephone plant must include 
many thousands of different types of electrical appliances, to 
. describe which would require volumes. The foregoing explana¬ 
tion, however, is not adequate until reference is made to the 
means employed for connecting any two persons who may wish 
to converse. In addition to telephone instruments for the 
subscribers and lines over which they may talk, complicated 
switching mechanisms must be provided for connecting them 
in pairs in all possible ways. To accomplish this, switchboards 
are employed at central offices, the boards being worked either 
by girls or by automatic machinery. A typical manual central 
office board is shown in figure 251. By means of these switch¬ 
boards as installed in the larger cities it is possible for each open 
ator to interconnect ten thousand subscribers. 

REVIEW OUTLINE 

THE IMPORTANCE OF COMMUNICATION TO CIVILIZATION 

A. Speech and signals 

1. The organs of speech 

2. Signs and signals 

a. International Morse Code 

b. Heliograph signaling 

c. Ardois system 

d. Semaphores 

B. Writing and printing 

1. How writing developed 

2 . Printing 

a. Presses 

b. How “news" is communicated 

c. The making of a newspaper , 

C. The telegraph and the telephone 

I. Telegraph instruments 

o. Inventor 
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2. Submarine cables 

3. The telephone 

a. Inventor 

b. The receiver 

c. The transmitter 

d. Long-distance telephony 

e. “Central" 


INDIVIDUAL PROJECTS 

Working projects: 

1. Let two Boy Scouts or two Girl Scouts demonstrate m ethods of 
signaling with hand dags. 

2. Demonstrate signaling by semaphore. 

Scouting for Girls (pp. 97-104). Girl Scouts, Inc. 

Handbook (Chapter Five). Boy Scouts of America. 

3. Install a buzzer signal system. See Harper's Everyday Electricity. 
D.C. Shafer. Harper. 

4. Wire for buzzers and electric doorbells. 

The Book of Electricity. A. F. Collins. Appleton. 

Harper's Everyday Electricity. D. C. Shafer. Harper. 

Reports: 

1. Picture writing of early days. 

Stories of Useful Inventions (pp. 227-45). S. E. Forman. Cen¬ 
tury. 

2. The use of flags at sea. 

All About Ships (pp. 235-45). H. T. Dorling. Stokes. 

3. Sound warnings at sea. 

A Book of the Sea (pp. 207-31). A. Williams. Nelson. 

4. The history of printing. 

Makers of Many Things. E. M. Tappan. Houghton. 

The Story Book of Science, J. H. Fabre. Century. 

5. Evolution of the book. 

Boys' and Girls' Bookshelf (vol. vii, p. 263). University Society. 

6. The linotype and the monotype machines, 

See the encyclopaedias. 

7. Alexander Graham Bell and the telephone. 

Stories of Inventors. R. Doubleday. Doubleday. 

Story of Great Inventions (pp. 140-47). E. E. Burns. Harper. 

8 . Morse, the inventor of the telegraph. 

Great Inventions and Discoveries (pp. 56-67). W. D. Piercy. 
Merrill. 

The Story of Great Inventions (pp. 126-36). E. E. Burns, Harper. 

9. Life of Edison. 

The Boy's Life of Edison. W. H, Meadowcroft. Harper, 
to. The Trans-Atlantic cable. _ • 

The Story of (he Trans-Atlantic Cable. C, Bright. Appleton. 
Triumphs of Science. M, A. L. Lane. Ginn. 

It. Our telephone service. 

The Magic of Communication. John Mills. Information Dept. 
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XIX 

RADIO 

Hie progress of radio. With the possible exception of aero¬ 
nautics no branch of science ever captured the imagination of so 
many boys as has radio. Some of the information gained in the 
attempts of hundreds of boys to communicate with others at 
constantly increasing distances has been of scientific value. 
Everywhere in the world there are amateurs; nowhere are they 
more numerous or more active than in our own country. So 
rapid has been the development of radio that no one wherever 
in the world he may be need be shut off from entertainment and 
the news. 

Probably most of us have listened to the radio broadcasts of 
football games. Doing so is almost like being present in per¬ 
son, since we hear about every run instantly after it is made. 
Radio also helps to transmit pictures of the games, so quickly 
that the Boston papers of January 2 contain photographs of 
plays in the game in Pasadena, California, on New Year’s Day. 

Even Captain Donald MacMillan was not out of reach of 
radio when he spent a recent winter in northern Greenland. His 
exploring expedition established a radio station known as WNP, 
whose signals were heard not only in the United States, 
Canada, and Mexico, but also in Alaska, Hawaii, Japan, New 
Zealand, Norway, France, Spain, Italy, the Netherlands, and 
Germany. WNP heard over two thousand stations. Once 
a message was relayed to Hartford, Connecticut, and a reply 
received in four and one half minutes. 

Admiral Byrd's expedition of 1934 to the Antarctic was in 
radio communication with the United States during its entire 
absence from this country. News was sent both to and from 
Little America by radio telegraph, and musical programs were 
sent by radio telephone. Messages and music took only a 
fraction of a second to travel the 10,000 miles between New 
York and Admiral Byrd’s station KFZ. Several countries in 
Europe also heard broadcasts from Little America. 

Once a week there were two-way radio telephone conversa- 

\ 
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tions between members of the expedition and their friends in 
the New York station. Nearly always eve rything that' was said 
was almost as dearly understood as are ordinary telephone 
conversations between any two stations in the United States, 
With this wonder of a wonderful age all of us wish to be rea¬ 
sonably well acquainted. Some of you may want to experi¬ 
ment with it. The necessary apparatus is not expensive. 
You will find it a real pleasure to try some of the problems, 
given in this chapter. 


THE PROBLEMS 

A. On general principles. 

1. To understand the meaning of " wave-length ” and 

" frequency." 

2. To understand the meaning of 11 tuning.” 

3. To understand the meaning of " modulation." 

B. On Broadcasting. 

4. A visit to a broadcasting studio. 

C. On how to operate radio sets. 

5. To demonstrate radio transmission and reception. 

6. To demonstrate tuning. 

7. To set up a temporary receiving set. 

8. To demonstrate interference. 

9. To operate a crystal detector receiver. 

10. To make a very simple crystal detector receiver. 

11. To operate a vacuum tube receiver. 

12. To make a simple vacuum tube receiver. 


A. GENERAL PRINCIPLES 

Problem 1: To understand the meaning of “ wave-length ” and 
“frequency(Class.) 

Directions; In this problem you will use water waves as a means of 
understanding radio waves. 

Procure a large dish of water such as a dishpan, or use the sink in the 
laboratory. Place several chips or bits of wood on the surface. 

Drop a small stone into the water. Note the size of the ripples. How 
do they move? 
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Drop a much larger stone into the water. How do the waves com¬ 
pare in size with those made by the small stone? 

Is the wave-length, or distance from the crest of one wave to the crest 
of the next, the same in each case? If not, in which case is the wave¬ 
length greater? 

What happens to the chips as the waves pass under them? In which 
case do they bob up and down, or vibrate, more rapidly, or with greater 
frequency? 

Question: In the alternating electric currents used in radio transmitting 
the higher the frequency the shorter the wave-length. Would you expect 
this to be the rule from the experiment with water waves? 

Problem 2: To understand the meaning of “tuning." [Pupils.) 

Directions: Fasten a long rubber band firmly between supports. Pull it 
to one side, then let it go. What happens? The swing from one side 
to the other is called a vibration. 

Do the vibrations damp out, or die down? 

Can you see that, although the amplitude, or size, of the vibrations 
decreases, the frequency is the same; that«, that it takes just as long 
for a small-sized vibration as for a larger one? Compare the action 
of a pendulum. (See page 447 -) 

Now tighten the rubber band, and pluck it again. Does the fre¬ 
quency of the vibration increase or decrease? 

Can you make two rubber bands vibrate in 6uch a way as to produce 
the same musical note? When they are in tune they are vibrating with 
the same frequency. 

Problem 3: To understand the meaning of “ modulation 1 [Class.) 

Directions: In this problem you will again use water to illustrate the 
principles of reception in radio telephony. 

Arrange a long trough with one end under a water faucet. Let our 
transmitter be the faucet which is capable of supplying water to the 
trough so that it will flow smoothly along to the receiver. At the re¬ 
ceiving end of the trough, we will place our receiving equipment, which 
consists of a cork or a chip of wood. In order that the receiver will 
not be carried away by the flow of water, let the chip be secured to the 
sides of the trough by means of two threads, as indicated in the dia¬ 
gram. These conditions are shown, in Partri. of figure 252 and represent 
the conditions when the transmitter is closed down. We are waiting 
for the broadcast station to start its program. 

■ For this problem. Including the Illustrations, we ere Indebted to the Boston Transcritfl 
Radio Handbook, J, K. Clapp, Editor, 


504 


The Work of the World 


Transmitter 






falls) 

Fig. 252. This will help yon to 
understand how a radio receiver 
works 


Now, when the transmitter is 
placed in operation a steady sup¬ 
ply of water is let into the 
trough, and this water flows 
smoothly down toward the re¬ 
ceiving end as long as the supply 
is constant. At the receiving 
station the chip rides upon the 
surface of the water, but quietly, 
as long as there are no ripples. 
This condition is shown in Part 
B of figure 252, which represents 
the conditions after the trans¬ 
mitting station has been placed 
in operation, ready to start the 
program. The speaker has not 
yet begun to make his announce¬ 
ment. 

Now let us vary the amount 
, of water which is let into the 
trough by turning the handle of 
the faucet back and forth, never 
entirely shutting off the supply. 
The result will be that a series 
of waves or ripples will move 
down the trough, in accordance 
with the manner in which the 
supply is varied. At the re¬ 
ceiver the chip will move up and 
down on the surface of the 
water, its motions correspond¬ 
ing to the ripples. Thus the 
signals, transmitted by varying 
the supply of water to the 
trough, are recorded by the mo¬ 
tion of the chip. These condi¬ 
tions are indicated in Part C of 
figure 252. The program is now 
being transmitted. 

Question: Do radio waves leave 
thh telephone transmitting sta¬ 
tion in the intervals when no 
speech or music is being repro¬ 
duced? 
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History of radio. As has been the case with many of the re¬ 
cent developments in science, communication without wires de¬ 
veloped slowly, many people contributing to the final result. 
Nearly three hundred years ago, Huygens, a Hollander, thought 
of the possibility of sending waves through space, but it was not 
actually accomplished, until over two hundred and fifty years 
afterward. In 1887, Hertz, a German, produced wireless 
waves in the laboratory, as a result of experiments based on the 
mathematical predictions made by Maxwell, an Englishman, 
twenty years before. It is because Hertz first successfully 
demonstrated these waves that wireless waves are sometimes 
called Hertzian waves. After Hertz's experiments, a number 
of investigators took up the problem of producing and utilizing 
the new waves, with the idea that they might be applied to 
sending messages over considerable distances without any 
wires. Marconi, an Italian, was among the first to produce a 
workable telegraph system. His first successful experiments 
were carried out in 1897 over distances of one or two miles. By 
1898 the distance which could be spanned had been increased to 
twelve miles and by 1901 to nearly two thousand miles...It was 
in the latter year that Marconi succeeded in sending a prear¬ 
ranged signal from his powerful transmitting station at Poldhu, 
England, to St. John’s, N.F., where a temporary receiver was 
installed, using a gilt kite-line as the receiving wire. 

The problem of wireless telephony is nearly as old as that of 
wireless telegraphy. Understandable speech was transmitted 
as early as 1906, while in 1912 a high-powered transmitter lo¬ 
cated at Arlington, Virginia, transmitted clear speech to Paris, 
San Francisco, and Honolulu. 

In the early days of wireless communication the name wire¬ 
less was used entirely. In 1912, when the first international 
conference was held to establish uniform laws for regulating 
wireless communication between the various nations, the term 
radio was used officially to designate this form of communica¬ 
tion. In these later days of popular broadcasting the name 
radio has been used entirely, with the result that many people 
think that there is some difference between radio and wireless; 
but the two are really the same. 



The Work of the World 


506 

The velocity of radio waves. It has been found that radio 
waves travel in space with the same speed as light, about 186,- 
000 miles per second, or fast enough to girdle the earth seven 
times in one second. We can picture the waves sent out from 
a radio transmitting station in much the same manner that the 
ripples move out over the surface of a still pool of water when a 
stone is dropped into it. If the stone is small, the ripples will 
be small and close together; if the stone is large, the ripples will 
be higher and farther apart. The wireless waves move outfrom 
the sending station in all directions. Since sound travels at 
the rate of only about 1100 feet a second in air, it follows that 

a man sitting in the 
rear of a hall from 
the stage on which a 
concert was being 
broadcast would hear 
each note a fraction 
of a second later than 
a man listening at his 
receiver a thousand miles away. Calculate this yourself, con¬ 
sidering the length of the hall 100 feet, and the microphone 10 
feet from the instruments. 

Wave-length: In the case of water waves we may speak of the 
wave-length as the distance from the crest of one wave to the 
crest of the next. In a similar manner we may speak of the 
wave-length of wireless waves as the distance from the point of 
greatest electrical intensity of one wave to the point of greatest 
intensity of the next. The length of the radio waves is deter¬ 
mined by the adjustments of the coils and condensers at the 
transmitting station, The strength of these waves at any point 
depends upon many things, but chiefly upon the power used at 
the transmitter and the distance from the transmitter. 

Frequency. If a chip were floating on the water of the pool, 
hear the spot where the stone was dropped, it would bob up 
and down as the waves going out from the stone passed under 
it. We could count the number of times the chip bobbed up and 
down in one second, and we could then say that its frequency of 



Fig. 333. The wave-length of a wave is 
the distance from one wave crest to another, 
indicated by a — b 

The wave-length has nothing to do with the 
power or strength of the wave, which is repre¬ 
sented by the height of the crest. 
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vibration was so many bobs per second. It is plain that the chip 
would bob up and down once for each wave that passed; and 
if the waves moved with a certain speed, the chip would bob up 
and down the number of times in each second equal to the speed 
of the waves divided by the length of one wave. Or, putting it 
in another way, the product of the length of the wave and the fre¬ 
quency always equals the speed of the waves. This is also true for 
wireless waves. 

Other waves in space and how they are detected. There 
are other waves in space besides the radio waves—X-ray, light, 
and heat waves, for example. Maxwell showed mathematically 
that these different waves are all alike in nature — that is, they 
are all vibrations of the same kind and differ from each other 
only in their wave-lengths. The human body has senses which 
detect the presence of light and heat vibrations; but our senses 
give us no indication of the presence of the vibrations used for 
radio work, or for X-rays. The wireless vibrations are much 
slower than those of light or heat and their frequency is so low 
that our senses of 6ight and touch do not respond to them. The 
X-ray vibrations are so extremely rapid that they produce no 
effect on our senses. 

For the vibrations of higher frequency than those of light we 
use the photographic film to tell us of their presence, or else use 
a film of specially prepared material which will absorb these 
higher frequency vibrations and send out vibrations of light 
which we can see. Such a film is known as a. fluorescent screen. 
Up-to-date shoe stores are now using these to show the position 
of the bones of the feet when inside the shoes. For vibrations 
slower than those of light we generally use a device to make 
their frequency even lower than it was originally. These low¬ 
ered frequencies may then be passed through a telephone re¬ 
ceiver where they set up vibrations of the diaphragm sufficiently 
slow to be heard. Since this device detects or makes known to 
us the presence of the wireless waves, if has been named a de¬ 
tector. 

Sending messages by radio. We now have at our disposal 
means for sending messages by wireless either in the form of a 
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telegraphic code or as a reproduction of the voice. At the trans¬ 
mitting station for code messages the operator starts and stops 
the power fed to the apparatus for generating wireless waves by 
means of a key, very similar to that employed by the operator 
at any telegraph office. When the key is pushed down, the 
transmitter operates and sends out a series of waves, which 
cease when the key is raised. At the receiver the signals are 
heard in the form of abuzz in the telephone receivers every tim» 
the key at the transmitter is pushed down. By timing the ac¬ 
tion of the key so that long and short buzzes are sent out, the 
operator forms the various letters of the message in the tele¬ 
graph code. 



Fig. 254. How radio travels from the broadcasting station to 
the ear 


When we transmit the message by voice, the conditions at the 
transmitter must be somewhat different. The transmitting 
equipment first must send out a continuous stream of waves 
while it is operating. The speaker, then, in talking through 
the microphone, controls the strength of the waves which are 
being sent out, molding, or modulating the waves to conform 
with the voice signal he has produced. At tire receiver the 
steady stream of wave^ produces no effect. It is only when the 
waves vary in strength that the receiver responds. As the 
diaphragm of the telephone receiver is pulled in or out by these 
variations, it sets up air waves which are very similar to the 
original ones which were created by the speaker at the trans- 
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mitting station. Our ears then interpret the sounds and we say 
that we hear the distant speaker. The difference between the 
telegraph and telephone radio transmitter should be kept in 
mind: in the telegraph system the sending station is really 
turned on and off in such a manner as to break up the signals 
into the dots and dashes of the code; in the telephone system 
the transmitter sends out a steady stream of waves, these be¬ 
ing varied in strength by the voice signal. 

With either, the telephone or telegraph radio system the 
operator may be in the room with the transmitting apparatus or 
he may be at a distance — as much as a thousand miles from 
the transmitter. For example, the Radio Corporation of 
America’s high-power station at Rocky Point, Long Island, is 
controlled by operators in the main office in New York City, 
the keys which the operators use to send the messages being 
connected by a telegraph wire with the transmitting radio sta¬ 
tion. In a single operator's room it is thus possible to control 
several telegraph transmitters, as was done during the World 
War, when the Navy Department from the headquarters in 
Washington, D.C., controlled the high-power trans-Atlantic 
stations in Virginia, Maryland, New Jersey, and New York. 

B. BROADCASTING 

Problem 4: A visit to a broadcasting station. ( Class or group, 
Optional) 

Directions: Find, if possible, the answers to the following questions: 

1. What is the function of a microphone? 

2. What is the purpose of the large vacuum tubes? 

3. Is the station equipped for remote control or for relay broad- 
' casting? 

4. How far do the station’s signals carry in the daytime? 

5. What is the difference in distance covered in daylight and in 
darkness? 

6. How does the sunlight affect transmission? 

7. How are programs scheduled? 

8. Explain the system of lights used as signals to the performer. 

Summary: Write a report of the visit, including the answers to the 
above questions and any other points of interest. 
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The studio. Most of the present-day radiophone stations 
have located near the transmitter a room devoted to the pro¬ 
duction of programs winch are sent out by the station. This 
room is called the studio, and is very carefully designed. In 
order that the speaker may be heard clearly at the receiving 
stations within range of this transmitter, his voice must not 
echo from the walls of the room in which he is giving his talk. 
The walls of the studio are therefore made of material which 
will not reflect the sound waves. The ceiling, floor, and the 
dimensions of the studio are designed to reduce echoes to the 
minimum. A telephone and a signal light system give the 
announcer verbal or silent communication with the operator of 
the electrical equipment. A system of switches enables the 
announcer to control what is to be broadcast from the sta¬ 
tion. It is thus possible for a program to be broadcast from a 
station, with some of the performers thousands of miles away, 
and others in the studio of the broadcasting station. 

Almost the only piece of electrical equipment in the room is 
the microphone, which is similar in principle to the microphone 
used on the ordinary telephone, but very sensitive and specially 
constructed to reproduce all tones as correctly as possible. In 
giving an address from the studio, the performer sits or stands 
in front of the microphone, and talks in his ordinary tone oi 
voice. When musical reproduction is given, the orchestra is 
grouped about tire microphone in such a way that at the distant 
receiving stations each instrument will be heard properly in re¬ 
lation to the others. 

Transmission. Now as to the process by which the sound of 
the voice or music is transmitted to the distant receivers: the 
voice or music sets up„sound waves in the air which strike the 
sensitive diaphragm of the microphone and move it. When the 
diaphragm moves, the carbon granules behind it move also, and 
in so doing they vary the current flowing through them from a 
battery, or other suitable supply. This circuit is part of a de¬ 
vice termed an amplifier which greatly magnifies the effect of 
the voice currents before they are applied to the wave-generat¬ 
ing apparatus. The effect of the voice currents is to mold or 
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Fig. 255. A Broadcasting Studio 


The microphone, in the "dead" end, is surrounded by Bound-absorbent 
materials on 'floor, walls, and ceiling. The orchestra is in the “live" end, 
the hard walls of which reflect the sound toward the microphone. 



Fig. 236. Master Control Room 
Lights on the panel before the operator indicate which studios are in use, 
and the dials indicate the amount of current passing through various parts 
of the apparatus. 

modulate the stream of waves set up by the generator, so that 
these waves are first strong and then weak, depending upon the 
sounds acting upon the microphone. The wave generator is 
connected with an aerial system, the purpose of which is to 
eend out as much power as posable into space in the form of 
radio waves, 
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How different stations can operate at the same time. As we 
shall see later, it is necessary to insure a channel for each tram 
mitting station, in order that the programs or messages from 
each shall not be confused. Otherwise they cannot be heard 
separately at the receiving station. It has been found that a 
radiophone station requires a band of frequency ten thousand 
cycles, or ten kilocycles, wide to obtain reasonably accurate re¬ 
production of music. The frequencies assigned to the various 
broadcasting stations in various sections of the United States 
are therefore separated by ten kilocycles so that no interference 
will result. Upon looking through a call list, it will be found 
that several stations in various parts of the country are assigned 
the same frequency; but these stations are so far apart that 
within their normal working range they do not interfere with 
each other. At the present time there are so many stations 
that some of them have to share time with others on the same 
frequency. 


C. HOW TO OPERATE RADIO SETS 

Problem 5: To demonstrate radio transmission and reception, 
(.Class.) 

Directions: Assemble the following apparatus, borrowed as Tar as pos¬ 
sible from members of the class: 

Apparatus for the Transmitter: 

1 buzzer. 

2 or 3 sax-inch dry cells. 

1 50-tum honeycomb coil, with mounting, or wind 50 turns 
number 18 D.C.C. wire on a 3-inch cardboard tube. 

1 variable air condenser, maximum capacity .0005 microfarads 

("23 plate"). 

20 feet number 18 D.C.C. wire for connections, antenna, and 
ground lead. 

Apparatus for the Receiver: 

A simple crystal receiver, or a single tube receiver, loaned by a 
member of the class, if obtainable. A more sensitive receiver 
should not be used. 

If no receiver is obtainable, a temporary one may be assembled, as 
directed in problem 7. 

Connect the transmitting equipment as indicated by figure 257. The 
connections are made as follows: One terminal of the coil is connected to 
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one terminal of the condenser, thence to one terminal of the buzzer. 
The other terminal of 
the coil is then con¬ 
nected to the remaining 
condenser terminal, and 
thence to one terminal 
of the battery of dry 
cells. The remaining 
terminal of the buzzer 
is connected to the 
other terminal of the 
battery. To connect 
the cells in the battery, 
run a connection be¬ 
tween the center post 
of one cell and the edge 
post on the second. 

Connect the center post 
of the second to the 
edge post of the third 
cell. If the connection 
shown at A is left un¬ 
made, the buzzer will not operate. Thus this connection may be used 
as a switch to start and to stop the buzzer. 

The contact of the buzzer should be dean and smooth, and the spring 
should be so adjusted that the buzzer will maintain as high and con¬ 
stant a note as possible. 

After having connected the apparatus as shown in figure 257 (omit¬ 
ting for the time being the dotted connections to antenna and ground), 
arrange a receiving set near the transmitter. With the buzzer in opera¬ 
tion, and with the receiving set in sensitive adjustment, a buzz should 
be heard in the telephone receivers of the set. By varying the adjust¬ 
ments of the receiver, it should be possible to bring in this buzz at a 
maximum intensity at some fairly definite adjustment of the receiver 
controls. If the buzz is heard over all adjustments of the receiver, the 
receiver apparatus should be moved away from the transmitter, a foot 
or so at a time, until the buzz is picked up only at a fairly definite point 
on the receiver controls. A good signal may be thus obtained over dis¬ 
tances of several feet, and in some cases even across the room. 

Problem 6: To demonstrate tuning. (Class.) 

Directions: Having established the operation of the receiver and trans¬ 
mitter as in problem 5, proceed with the tuning as follows: 

Set the transmitting variable condenser so that the movable plates 
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Fig. 257. A simple radio transmitter 
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are about one fourth meshed and tune in the buzzer signal on the 
receiver. Note the positions of the receiver controls for this reception. 
Now set the transmitting variable so that the plates are one half 
meshed. It will be found necessary to change the receiver controls 
to obtain a signal, and note should be made of where the signal is now 
heard. Repeat once more, meshing the plales three fourths of the way 
and noting where the receiver controls are placed for the best reception. 

In changing the position of the transmitting condenser, we change 
the wave-length and frequency of the transmitted radio waves. For 
the first setting we have a comparatively short wave-length, and high 
frequency. When the plates are further meshed, we increase the wave¬ 
length. Now as the wave-length has been increasing, the frequency 
has been decreasing. With the condenser in its first position, we had a 
certain frequency, corresponding 1 to the first wave-length to which the 
transmitter was adjusted. When the condenser was set at double the 
original value, the frequency was decreased. With the condenser plates 
in the third position, the frequency was decreased still further. As 
the wave-length is increased, then, the frequency is decreased. 

If it is desired to receive the signals of the little transmitter over 
greater distances than a few feet, an antenna and ground should be 
used. The antenna may consist of a length of bell wire, strung between 
any available supports, or suspended from pipes or electric-light fixtures 
by means of a yard or so of stout cotton twine. The antenna wire needs 
to be only ten or fifteen feet in length. If convenient a ground wire 
should be connected to a water or steam pipe, or, if such connection 
cannot be readily made, a length of wire of about the same length as 
the piece used for the antenna may be laid along the floor, one end oi 
this wire connecting to the transmitter condenser as shown in figure 257. 

Summary: In listening to this little buzzer transmitter, the operator of 
the receiving set is able to tell when the wave-length of the transmitter 
is changed, because it becomes necessary for him to change the wave¬ 
length of his receiver to correspond with that of the transmitter in 
order to hear the signal again. Now, as far as the receiving operator 
is concerned, it would be just the same if there were three separate 
transmitter stations, operating on three different wave-lengths. If all 
three were sending at the same time, adjusting the receiving set to the 
three various wave-lengths one after the other would bring in each 
station in turn. It would take a lot of apparatus to set up three trans¬ 
mitters, so let us imagine that there are these three transmitters, each 
sending on its own wave-length. Let the first setting be station WJJD; 
the second setting be station KDKA; and the third setting be station 
KSD, Each time the transmitting apparatus is adjusted to the first 
position, the listening operator, in adjusting his receiver, will pick up 
WJJD; each time it is adjusted to the second he will pick up KDKA) 
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and each time it is adjusted to the third he will pick up KSD . If all 
three stations were sending at the same time, he would change to the 
various settings on his receiver and hear each of these stations in turn. 

By our experiment we see that changing the adjustment of the trans¬ 
mitter changes the wave-length and the frequency of the radio waves, 
and that, in order to receive waves of a given wave-length and fre¬ 
quency, we must adjust our receiving equipment to a fairly definite 
point. 

Problem 7: To set up a temporary receiving set. (Class.) 

Directions: Where no receiving set can be borrowed, a temporary set 
may be made up as indicated in figure 258. 

Assemble the following apparatus, borrowing it as far as possible 
from members of the class: 

1 50-turn honeycomb coil, with mounting or wind 50 turns D.D.C. 
wire on a 3-inch tube. 

1.0005 mfd. air variable condenser (“23 plate"). 

1 crystal detector, with mounting. 

1 fixed mica condenser, .001 or .002 mfd. capacity. 

1 telephone receiver, or a radio head-set (two receivers with head- 
band). 

Connect the condenser terminals to the terminals of the coil in just 
the same manner as you made the connections of the transmitter. (See 
problem 5.) From one 
of the condenser termi¬ 
nals, make a connection 
to one terminal of the 
crystal detector. From 
the remaining detector 
terminal, make a connec¬ 
tion to one terminal of 
thefixed mica condenser. 

From the remaining ter¬ 
minal of the fixed mica 
condenser, make a con¬ 
nection to the second 
terminal of the variable 
condenser. Connect the 
telephone receiver, or 
head-set, to the two ter¬ 
minals of the fixed mica Fig, 258. A simple radio receiver 
condenser. The opera¬ 
tion of this receiver is extremely simple, as the only control is the dial 
of the variable condenser, This is true also in the transmitter. 
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Use this receiving set, as directed in problem 5, to receive signals 
from the buzzer transmitter. 


Problem 8: To demonstrate interference. {Class.) 

{Note: If enough apparatus is available to set up two transmitting 
stations, which we may call “ A" and 11 Q," we can experiment in a 
manner to show us how interference takes place.) 

Directions: Set up two transmitting circuits, like the one shown in 
figure 257, near each other at one end of a table. Place the receiving 
set two or three feet from the transmitters. Set the tuning condenser 
of the transmitter A so that the movable plates are about one fourth 
meshed. Set the buzzer in operation and then adjust the receiver until 
the signal is heard loudest. If the signal is heard over all of the adjust¬ 
ments of the receiver, move the receiving equipment away, a foot or 
so at a time, until the signal is heard with reasonable intensity at only 
one adjustment of the receiver. Shutting off transmitter A, set the 
condenser of the transmitter B so that the movable plates are about 
three fourths meshed, start the buzzer and pick up the signal on the 
receiver by tuning to the proper point. With both transmitters, in 
operation, it should now be possible to change the setting of the re¬ 
ceiver controls from one position to another, hearing station A at one 
point and station B at another. Under these conditions there should 
be no difficulty in separating stations A and B on the receiver controls, 
since B operates at about twice the wave-length (one half the frequency) 
of station A. When these conditions have been established, proceed 
as follows; 

Let station A'transmit continuously, while station B is made to 
transmit a series of dashes by ranking and breaking the battery circuit 
of station B. Listening at the receiver, with the controls set at some 
low value, we hear the long steady buzz of station A, while if we set 
the controls to a higher value we hear the intermittent dashes of 
station B. Now, while one operator is listening to station B, reduce 
the setting of the tuning condenser of B in steps of about ten divisions 
at a time. At the receiver it will be necessary, in order to hear the 
signal from station B at its best, to readjust, by reducing the settings 
of the condenser. 

At fir3t, when the condenser of station B is reduced, we readjust our 
receiver and still hear only the intermittent dashes from B; but after a 
few reductions have been made in the B condenser setting, it will be 
found that the station A, sending its long steady buzz, is heard at the 
same time that station B is heard. At first the signal from A will be 
very faint, but after one or two more changes in the setting of the con¬ 
denser at B, we find that the signal from A is nearly ns loud as the 
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signal from B, In other words, in our reception of the signal from B, 
we are now getting interference caused by the station A. We shall find 
that there is a certain minimum difference in the settings of the con¬ 
denser at B and the condenser at A which will permit us to hear sta¬ 
tion B without interference from station A, this difference being a good 
many degrees on the scale. 

Summary: From the results of our experiment we see that if we had ■ 
several stations of this type, all transmitting at the same time, it would 
soon be impossible to separate one from another because there is not 
room enough on the receiver dials. The trouble is due to the fact that 
the transmitting stations do not send out radio waves of a single wave¬ 
length and frequency, but send out a whole band of wave-lengths and 
frequencies. At the center of the band the strength of the signal is 
.greatest, tapering off in each direction until the signal becomes very weak. 

Problem 9: To operate a crystal detector receiver. (Demonstration 
by pupils or group.) 

Directions: Let members of the class bring crystal sets from home, set 
them up and operate them in the .classroom. 

Questions: (For each member of the class to answer.) 

1. What are the parts of which these crystal sets are composed? 

2. What are the advantages of a crystal set? 

3. What are its disadvantages? 

Diagram (optional): Draw a diagram in .your notebook of one of the 
hook-ups used. For the symbols, consult figures 261 and 262. 

Problem 10: To make a very simple crystal detector receiver. 

(Individual or group.) 

Directions: Procure the items listed below and arrange them as shown 
in the illustration. As this receiver is not very selective, in other words 
you will experience interference. However, if this simple receiver in¬ 
terests you, you can learn from books on radio how to make it more 
selective. 

9 brass furniture tacks. 

1 switch lever. 

1 crystal detector and mounting, 

100 feet number 18 bell wire. 

1 base board — any well dried piece of wood about six by ten inches, 
1 empty oatmeal box about three inches in diameter, or any piece of 
tubing of similar dimensions. 

Wind sixty turns of wire on the tubing, making a small loop at the 
twelfth, twenty-fourth, thirty-sixth and forty-eighth turn. Scrape the 
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insulation from these loops. Connect the loops with the furniture tacks 
with wire as shown in the diagram. To attach the wire to the furniture 
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Eg. 25$. How to connect a 
simple crystal set 
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Switch Levraf 
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tacks, remove about three fourths 
of an inch of insulation from the 
end of the wire, wind a couple of 
turns around the tack before driv¬ 
ing it into the base board. 

To operate the receiver: Put 
the head phones to your ears. With your right hand adjust the cat- 
whisker on the crystal until you find the most sensitive spot. At the 
same time with your left hand swing the switch lever over the several 
contacts until you hear signals. 


ground* 


Problem 11: To operate a vacuum tube receiver. (Demonstration 
by pupil or group.) 

Directions: Let members of the class bring vacuum tube sets from 
home, set them up, and operate them for the class. 

Questions: (For each member of the class to answer.) 

1. What are the parts of the vacuum tube set used? 

2. What are the advantages of the vacuum tube set? Its disadvan¬ 
tages? 

3. How do the results obtained with this set compare with the results 
from a crystal set? 
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4. Why are some stations louder than others? 

Diagram (optional): Draw a diagram in your notebook of one of the 
hook-ups used. 


Problem 12: To make a simple vacuum tube receiver. (Individual 

or group.) 

Directions: Remove the crystal detector from the base board of the 
crystal set already described. In its place attach a vacuum tube 
socket. Procure one .0005 mfd. variable condenser, one grid leak and 
condenser, one vacuum tube to be used with a six volt “A” battery 
OR one vacuum tube to be used with dry cells, one forty-five volt 
“B” battery, one rheostat to match the tube you buy. Arrange 
apparatus as shown in the diagram. Make connections as shown 
either in picture diagram or the one using symbols. To make sure that 
you have not made some mistake in connections that would cause your 
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Fig. 260. How to connect A 
simple vacuum tube set 

tube to burn out, connect your 
"A" battery in place of the “ B” 
battery. If the tube lights, it in¬ 
dicates a mistake in connections. 
Having made sure that all connec¬ 
tions are correct and that the rheo¬ 


stat is in the “off" position, put the 
“A" battery and the “B” battery into the circuit properly, turn the 
rheostat slowly away from the “ off" position until you hear a slight 
hiss in the head phones. Then move the switch lever to the several 
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Ground: Connection with th. „ 
through some object or 
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radio frequency current. Ior “ e 
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H*ed condenser: A condemn* i. 
Ttant 1 th * V4lUC ° f c&pu:ity stays coni 
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Variable condenser: A condenser hav- 
* n B a large range of capacity. 


Crystal detector: A device, consisting 

wh£h P, ®?n °f. r “ d '° sensitive mlnerd, 
which will allow radio frequency cur- 

ordy t0 fl ° W throufih il io onc direction 
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A Battery: Battery used to heat the 
ninmcnt of a vacuum tube to incan- 
"esccnce. (Shown at the left.) 

B Battery: A battery the positive 
terminal of which is connected to the 

HlilH&siV 5 ??*?® 

m to the plate. (Shown at the right.) 


Grid leak and fixed condenser: Thi 
pitl leak is a high resistance which at 
lows electrons to leak Blowly away fron 
the grid. Grid condenser is used to set 
up negative charges on the grid. 


^Vires: At the left, a connection (left 
Bvmbol); at the right, no connection 
(lower symbol). 



h 
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Fig. 261. Radio parts and symbols 
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Coil or Inductance: A coil of insulated 
wire so made and placed that it aids in 
tuning or in setting up alternating cur- 
rentsinneighboring coils. 


Coupled coll or inductance: A coil 
placed near another coil in order to set 
up alternating currents in that coiL 


Variably coupled colls: Coils bo placed 
that their positions relative to one an¬ 
other can bo changed and thus the 
strength of the induced current varied. 




Variometer: Two coils connected in 
series and variably coupled. (See Va¬ 
riably coupled coils.) 



Audio transformer: Two coils, a pri- 

a and a secondary, placed on an 
ited form and having an iron core. 
The secondary has more turns than the 
primary in order to increase the voltage. 

Vacuum tube — three electrode; A 
glass bulb from which the air is ex¬ 
hausted. It contains a filament, grid, 
and plate. (Symbol "A.”) In the 
four electrode type, the electron emit¬ 
ting surface is not heated directly by 
the “ A ” battery. It is heated by con¬ 
duction from a fourth element or heater 
wire which has no direct connection to 
the radio circuit. (Symbol “ B.") 


Variable resistance: A device which re¬ 
sists the passage of an electric current, 
and the resistance of which can be 
varied. 


Phones: Instruments made to cause 
variable electric currents to produce 
eound waves. 
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Phone jachBi Device for quickly con¬ 
necting or disconnecting telephone 
tircuite. 



Fig. 262. Radio parts and symbolB 
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contacts and turn the variable condenser slowly back and forth until 
you hear signals. Slight adjustments of the rheostat and condenser 
will bring the signals in clearly. If you are interested in this very 
simple set, read in radio magazines how to add improvements. 

Parts of a receiving set. In its simplest form a receiving set 
is composed of a collector, or anUnna system, and a detector. 
The antenna system generally consists of a wire suspended on 
insulators at some distance above the earth, one end of the wire 
being connected to the receiving apparatus through the lead-in. 
Sometimes a wire under the roof, or around the room on the 
picture molding, is used. Some sets are so sensitive that a loop 
of several turns of wire, or a short length of wire can collect 
enough energy to operate the set. The passing wireless waves 
cause a current to flow alternately from the antenna through 
the detector to the ground, and from the ground to the antenna. 
The presence of this current is made known to us by its effects 
on the detector and the telephone receivers. The telephone re¬ 
ceiver diaphragm could not possibly vibrate fast enough to keep 
up with the high-frequency signal current, and, if it could, our 
ears would tell us nothing, because we are unable to hear vibra¬ 
tions which are more than about twenty-five thousand to the 
second. The detector comes into play by reducing the fre¬ 
quency, and thus registering the ripples which are present on 
the steady stream of high-frequency vibrations. As the ripples 
are due to the voice or signal that produced the sounds at the 
transmitting stations, the detector passes on to the telephone 
receiver a current which makes the diaphragm vibrate at the 
frequency of the original sound. The vibrations of the dia¬ 
phragm are then passed through the air to our ears, where we 
hear the speaker or the music as a reproduction of the original. 

Tuning and selectivity. While an elementary receiver, con¬ 
sisting of a detector, a telephone receiver, and an antenna sys¬ 
tem, is capable of actually receiving radio signals, it is not very 
sensitive and it is not selective. The lack of sensitivity would 
make the receiver unable to hear distant stations, while the lack 
of selectivity would make the receiver unable to pick out one 
Bending station from among a number of stations which might 
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be transmitting at the same time. By means of coils of wire 
(inductances) and plates of metal separated from each other 
(condensers), it is possible to tune the receiver circuits so that 
the receiver becomes more sensitive and more selective. This 
is accomplished by adjusting the frequency of vibration of the 
circuits to the frequency of the station which it is desired to 
hear. When the circuits are so adjusted, the receiver is said to 
be tuned, or in resonance with, the transmitter, and a given 
signal will produce much greater effects than were possible be¬ 
fore. Furthermore, because the receiver has been made more 
highly responsive to a given frequency than to other frequen¬ 
cies, it will pick out from among others the particular frequency 
to which it is adjusted, much more markedly than the simple 
receiver first described. By adjusting the circuits of the re¬ 
ceiver until they are responsive to only one of the frequencies 
of a number of transmitting stations, we are enabled to listen 
to the desired station to the total, or at least partial, exclusion 
of the others. 

Crystal detectors. The simplest form of detector is the crys¬ 
tal detector, which consists of a piece of mineral held in a little 
clamp or cup, and touched by a metal point. (See diagram, page 
518.) There are many minerals which will act as detectors, but 
the most commonly used are galena, silicon, and carborundum. 
With certain of these, as galena, the metal point which is used 
as a contact on the crystal must touch the surface of the crystal 
very lightly, while with others, as carborundum, a considerable 
pressure may be used. Some of the crystals give best results. 
when used alone, but others require a small battery in conjunc¬ 
tion with an instrument called a voltage didder, or potenti¬ 
ometer. « 

When using a crystal detector of any type, it will be found 
that the strength of the signals heard in the receivers will de¬ 
pend greatly upon the position at which the contact point 
touches the crystal surface. In other words, the crystal detec¬ 
tor is much more sensitive at some points on its surface than at 
others. In using such a detector, it is therefore necessary care¬ 
fully to move the contact point over the surface of the crystal, 
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searching for a sensitive spot, in order that good reception mav 
be obtained. ^ 

One of the greatest disadvantages of such a detector is that it 
is easily jarred out of adjustment and it must be frequently re¬ 
set. A crystal detector gives a very good quality of reproduc¬ 
tion of telephone messages, but lacks the sensitivity and sta¬ 
bility of other types of detectors now available. Generally 
speaking, a good crystal detector, used in conjunction with a 
good tuner and antenna system, is capable of receiving broad¬ 
cast programs over distances of about twenty-five miles, though 
it may receive wireless telegraph messages over distances of a 
thousand miles or so. This is because the power employed in 
telegraph work is usually greater than the power used in broad¬ 
casting. 

Vacuum tube detectors. A much more sensitive and stable 
detector is the three-electrode vacuum lube. Such a tube appears 
much like an ordinary incandescent lamp, since it has within the 
glass bulb a filament which glows when current is sent through 
it. This filament is the first electrode. Usually there are two 
flat pieces of metal on each side of the 
filament, but there may be a cylinder 
of metal entirely surrounding the fila¬ 
ment. This metal is the second elec¬ 
trode, The plate is connected with a 
high voltage battery, called the B bat¬ 
tery, the positive terminal of the battery 
being connected to the plate of metal, 
the negative terminal being connected 
to one end of the filament. When the 
filament is glowing, it "boils off" quan- 

Vig. 263. Avacuum tube T** 8 * C ?“ S i 

as used in a radio set C f lled electrons (see page 452), and 
Compare with Fig. S50. t " ese electrons are attracted to the 
charged plate. The flow of electrons 
from the filament to the plate constitutes an electric current. 

Between the plate and the filament there is placed the third 
electrode, called the grid, which consists of a ladder-like struo 
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ture of fine wires. In some eases it looks something like a short 
piece of wire spring. When the grid is charged positively (the 
same as the plate), it speeds up the electrons flowing between 
the filament and the plate, so that the number of electrons 
reaching the plate is increased. A few electrons strike the 
wires of the grid and give up their charge, but most of them 
pass through the meshes and go to the plate. When the grid is 
charged negatively, the number of electrons reaching the plate 
is reduced, since many of them are repelled by the grid and go 
back into the filament again. Those which escape the influence 
of the grid slip through the spaces in the ladder and go across 
the space to the plate. 

When so connected as to make the greatest use of the small 
signal voltages produced in the tuner, this form of,detector is 
slightly more sensitive than a crystal detector. By modifica¬ 
tion of the connections of the tuning equipment and the detec¬ 
tor, it is possible, however, to make a given signal produce an 
effect thousands of times greater than would ever be obtained 
with a crystal detector. 

Types of vacuum tubes. There are many sizes and types of 
vacuum tubes for wireless work. The smallest is hardly larger 
in diameter than a lead pencil and about one and one half inches 
long. The larger types for receiving purposes are more nearly 
the size of an ordinary electric-light bulb. The smallest tube 
has been nipk-named the " peanut" tube; the next larger types, 
which are designed to operate on dry cells also, are sometimes 
called "pickle" tubes. The standard tubes are somewhat 
larger still. Practically all transmitting stations use very large 
tubes, some being as much as three feet long and six to nine 
inches in diameter. It is necessary to cool these tubes by means 
of a liquid cooling system, using water or oil, somewhat like an 
automobile cooling system. The liquid-cooled tubes are con¬ 
structed differently from the small tubes, having a steel shell for 
the plate, which is the outside container of the tube itself. 
Thus it is possible to get the water or oil directly in contact with 
the hot plate, instead of cooling only the glass container of the 
tube. 



The Work of the World 


526 

Tubes used as amplifiers, There are many uses besides 
those of detector and generator to which the vacuum tubes may 
be put. Many tubes are employed to magnify or amplify a re- 
ceived signal before it is passed to the detector. Such amplifiers 
are termed radio-frequency amplifiers, since the signal is ampli- 
fied by them at the original radio frequency, before the signal 
has been acted upon by the detector. Such amplifiers greatly 
increase the response obtainable from the detector. If the sig. 
nal Is amplified to twice its original strength before it is given to 
the detector, the response of the detector 5 s four times as great 
ns it would be without the radio-frequency amplifier. If the 
signal is amplified ten times, the response is one hundred timpq 
as great. Thus we see that the purpose of radio-frequency 
amplifiers is to increase the sensitivity of the receiving equip¬ 
ment, which is thereby made sensitive to signals so weak that 
they would otherwise be missed entirely. 

We may use vacuum tubes as amplifiers after the signal has 
been passed through the detector. In this case the amplifiers 
are called audio-frequency amplifiers, since the signal has been 
changed from radio frequency to audio frequency by the de¬ 
tector before it is amplified. An audio-frequency amplifier 
greatly increases the volume of the signal response of the tele¬ 
phone receivers or "loud speaker" used with a receiving set. 
However, before the amplifier can operate at all it must receive 
a fairly good signal from the detector — because, t if the de¬ 
tector does not pass on a good signal to the amplifier, the ampli¬ 
fier does not have anything to amplify. Thus we see that the 
audio-frequency amplifier increases the volume of response from 
the detector, but does not increase the sensitivity of the de¬ 
tector. Study figure 254 on page 508. 

In a receiving set of the simpler type, a vacuum tube is used 
as a detector, followed by one or two tubes used as audio-fre¬ 
quency amplifiers, In the more elaborate sets, using four or 
five tubes, one or two are employed usually as radio-frequency 
amplifiers, one as detector, and two as audio-frequency ampli¬ 
fiers, In the most elaborate types three or four tubes may be 
used as radio-frequency amplifiers, one or two as detectors, and 
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two as audio-frequency amplifiers, with another tube as an 
auxiliary made necessary by the type of circuit used. 

Modem improvements in radio sets. The first vacuum tube 
radio sets used direct current exclusively. The filament was 
lighted by a storage battery called an “ A ” battery. The plate 
was given a positive potential by dry cells or “ B" batteries. 
To get better quality, higher plate voltage was necessary. This 
meant more ‘‘B ” batteries. To avoid this expense, "B " bat¬ 
tery eliminators were developed. A “B" battery eliminator 
consisted of a transformer to raise the voltage of the no volt 
house current, a rectifying tube to change the alternating cur¬ 
rent to pulsating direct current, and coils and condensers to 
smooth out the ripples. This apparatus is still used in modern 
sets. Then to be rid of the storage battery for lighting the fila¬ 
ments in the vacuum tubes, tubes using alternating current 
were developed. The modem radio set gets all its power from 
the electric-light socket. 

With the improvement in the radio has come great develop¬ 
ment in loud speakers. The old horn would reproduce high 
notes well, but the low notes were lost. Increasing the size of 
the horn would correct this, but such a horn would be of un¬ 
wieldy size. The cone type speaker was an improvement, as it 
gave better quality in a small space. One essential part of 
these speakers is a permanent magnet. With the develop¬ 
ment of a speaker using an electro-magnet of considerable 
strength, a still further improvement was made. The modern 
electro-dynamic speaker can reproduce with fidelity the low 
notes of a bass viol or organ. 

Why reception Is not always perfect, As you know, the con¬ 
ditions of radio receiving vary greatly. Sometimes distant sta¬ 
tions can be heard with ease; while the next evening, nothing 
but local stations give satisfactory results. Some of the reasons 
for these variations are given in the succeeding paragraphs. 

Weakening of signals. Near the transmitting station the 
signals are very strong; but, as the distance from the transmit¬ 
ter is increased, they become weaker, until finally they fail to 
operate even the most sensitive receiving set. This weakening 
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do not interfere very seriously with the reception. Such dis¬ 
turbances are most common in summer time, and are often 
caused by lightning flashes. Another type is the hissing dis¬ 
charge which often occurs during the early stages of a snow¬ 
storm. The flakes of snow carry electric charges, and, when they 
strike the antenna system, they give up their charge to the 
antenna, producing a faint click. As many flakes strike the 
antenna at one time, the effect of the little clicks is to produce in 
the telephone a sound something like that of escaping steam. A 
very similar sound is often produced in the receivers when the 
Northern Lights, or Aurora Borealis, are playing — though this 
more often sounds like a faint rustling of silk. 

Man-made disturbances. Intermittent electrical signs, 
violet-ray machines, motors, and X-ray machines may cause 
undesirable noises in radio sets. These disturbances, however, 
can largely be overcome by “ shielding ” or the addition of simple 
electrical equipment such as a wave trap. This device can be 
used to absorb most of the signals that would interfere with the 
desired ones. 

Interference. Some disturbances are termed interference. 
When the transmitting stations are properly adjusted, any 
good receiving set will be able to cut out practically all but the 
desired station, except when a transmitting station is operating 
only a short distance from the receiver. In this situation, the 
receiver attempts to pick out a very weak signal from a distant 
station, through a signal from the local station which is perhaps 
hundreds of thousands of times as strong. With proper equip¬ 
ment it is possible to do this, but with the simpler types of re¬ 
ceiving sets it is not possible. 

Radiation. Much of the interference experienced in broad¬ 
cast reception at the present time is not due to any of the causes 
mentioned, or to anything other than the broadcast receivers 
themselves. A regenerative receiver, improperly operated, be¬ 
comes a small transmitter capable of sending over distances as 
great as twenty-five or thirty miles. The signals which this 
transmitter sends out mix with the broadcast signals which 
near-by listeners desire to hear, resulting in a squeal or whistle. 
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The operators of the other receiving sets are powerless to cut 
out this interference, since it comes in exactly with the signal 
they desire to hear, Any one operating a regenerative set 
should make it a matter of pride and honor to make certain that 
at no time he lets his receiver squeal or whistle when tuning in a 
station. In recent attempts to receive European broadcasting 
stations in this country, practically no signals could be heard 
because of squeals and howls from regenerative sets. Tech¬ 
nically such interference is termed radiation interference, since 
it is caused by the receiving set actually radiating energy out 
into space, in the same manner as the transmitting stations 
radiate. 

Reradiation. Another form of in terference is due to reradia¬ 
tion. This takes place as follows: the antenna circuit of a re¬ 
ceiving set is adjusted to receive a desired station, and in this 
condition absorbs some of the energy of the passing waves 
from this station. Some of this energy is passed on to the re¬ 
ceiving apparatus; 6ome is used up in the losses of the antenna 
circuit; and some is sent back into space. In other words, the 
antenna system absorbs a certain amount of energy, but, being 
unable to hand on all of it to the receiver, it radiates it again. 
Now let us see how this will cause interference at a near-by 
receiving station. Suppose that we have two receivers, and 
that the operators both adjust these receivers to hear the same 
station. The signal reradiated by one of these receivers will ar¬ 
rive at the second receiver at a slightly different time from the 
signal received directly from the distant transmitting station, 
The mixing of the direct signal with the signal received from 
the other receiving set will cause the voice or music to sound 
indistinct. Generally, reradiation is not troublesome except 
when receiving stations are close together. 

The work of amateurs with short waves. When the broad¬ 
casting of music became general, the dots and dashes of the 
code used by amateurs seriously interfered with the programs. 
The Government therefore assigned to the amateurs the 
shorter wave-lengths. It was soon discovered that messages 
gent out on these wave-lengths had great distance-carrying 
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powers. Greater and greater distances were reported until 
messages half-way around the world were received. In addi¬ 
tion to the value of the short waves in distant reception, the 
freedom from static disturbances is notable. The low cost of ■ 
the equipment necessary both to receive and send messages by 
the short waves has made it possible for many boys to get the 
thrill of communicating with others thousands of miles distant. 
Admiral Byrd when in the Antarctic held two-way communi¬ 
cation from one of his airplanes with an amateur in New York 
City. In times of flood and storm the work of amateurs in 
maintaining communication from the stricken areas has been 
most valuable. In the hurricanes in 1926 and 1928 which shut 
off from communication some sections pf Florida, in 1927 dur¬ 
ing the Mississippi and New England floods, short-wave com¬ 
munication was of immense value in bringing help where most 
needed. 

Long waves. Some news services and ship operators use 
wave-lengths greater than those used in broadcasting. Many 
of the messages sent out on these long waves are given slowly. 
If you want to learn the code in an interesting way, make a 
long-wave receiving set. 



Fig. 264. Single wire antenna, lead-in, and lightning switch 
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Fig. 265. Building his own radio set 

Building your own set. To many people, the interesting 
thing about radio is that it is possible to build one’s own ap¬ 
paratus. This gives satisfaction not only in the actual building 
of the apparatus, but also in testing and operating it after it is 
completed. There are many good books on construction of sets 
which will serve as a guide in starting. If you become really 
interested in radio, subscribe to a good radio magazine, and 
send for the government publications dealing with this subject 
Procure also some of the books listed on page 539. Often useful 
information is given in the radio columns of local newspapers. 

Telephoning by radio. Many people have actually talked 
with friends or acquaintances by radio and have not been con¬ 
scious of the fact at all! The American Telephone and Tele¬ 
graph Company and their subsidiaries operate a number of 
"wired radio” channels on their main trunk lines, which are 
identical with the regular radio broadcasting systems, except 
that the waves are not radiated out into space, but are guided 
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along the telephone lines from one point to another. The use of 
this system permits of as many as six two-way telephone con¬ 
versations by wired radio, a regular two-way wire telephone 
conversation, and two or more two-way telegraph conversations 
over a single pair of wires. 

As an example of the manner in which "space radio’’ maybe 
combined with the regular telephone service, we may cite the 
conversations which took place from the steamship America, 
off the Atlantic Coast, with persons located on Santa Catalina 
Island, near the coast of California. In this case, the speech of 
the persons on the steamship was transmitted by ' ‘ space radio' ’ 
to a receiving station near New York City, where the received 
signals were amplified and passed to the transcontinental tele¬ 
phone line. After passing across the continent on the wires, 
being amplified at various points, the signal arrived at Long- 
Beach, California, where, after further amplification, it was 
sent out by radio, to be picked up on the islands, and then 
transferred to the telephone line between the receiving station 
and the location of the persons finally receiving the message. 
The return conversation was transmitted in the same manner; 
but on the two radio “ links " of the chain, different carrier fre¬ 
quencies were used, so that no interference between the outgo¬ 
ing and incoming conversations took place. The total length of 
this "circuit" was about thirty-seven hundred miles. 

Radio direction-finders. One of the great developments in 
the use of radio is the invention of the direction-finder, used by 
ships at sea. The device is similar to the familiar loop antenna. 
It consists of a coil of wire wound on a frame of insulating ma¬ 
terial two to six feet square, and constructed in such a way as to 
revolve on a vertical axis. The loop is usually installed on the 
roof of the ship’s wireless cabin, with its vertical shaft extend¬ 
ing down into the wireless room, where it is connected with a 
large hand-wheel. A scale marked off in 360 degrees is so ar¬ 
ranged on the shaft that, when the loop revolves, the scale 
moves under a fixed pointer, indicating the position of the loop 
with respect to the center line of the ship. Let us imagine a 
. straight line drawn between a transmitting station and the re- 
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ceiving station on the ship. Maximum signal strength will be 
obtained when the plane of the loop lies on this straight line. 
When the loop is so rotated that its plane is at right angles to 
theline and consequently to the transmitting station, therecep. 
tion is zero and no sound at all is heard. Between these posi¬ 
tions, the strength of the signals decreases or increases as the 
plane of the loop is turned toward or from the straight-line po- 
sition, creating a variety of signal strengths. Because of the 
greater accuracy possible the position of the loop giving the 
minimum signal is used in determining the direction of the dis¬ 
tant station. 

Inasmuch as special apparatus is required on the ship to ena¬ 
ble her to find the direction of distant radio stations, various 
governments have installed a large number of special receiving 
stations at important navigating points along their seacoasts 
for the purpose of determining the direction of a ship from the 
shore. A ship then requires no other apparatus than her regular 
radio telegraph transmitter, for sending a special signal to the, 
stations on shore, The shore stations then transmit to the ship 
a message giving the results of their measurements. Since the 
radio signals penetrate through the thickest fog or through the 
heaviest storms when lights and signals by sound are often use¬ 
less, these bearings give valuable aid to shipping. 

Direction-finders may be used on airplanes also; but in this 
case a special system is necessary because of the noise of the 
motors, which penetrates through the best "sound-proof" 
helmets and obscures any determinations of direction by means 
of the minimum signal method. Loops are fixed in the frame 
of the airplane and directions arc determined by an increase in 
signal strength. 

Control by radio. Radio control of distant airplanes espe¬ 
cially for military purposes has long been a problem on which 
much effort has been expended. As early as 1912 a model 
dirigible balloon was successfully maneuvered in a large audi¬ 
torium by radio control from the stage. At the will of the 
operator, the dirigible was made to start and stop, to turn, to rise 
and descend, and to drop "bombs" of flowers on the audienc&M 
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Through the use of gyroscopic stabilizers for airplanes, 
French investigators have recently been able to fly and control 
an airplane having no pilot on board, successfully controlling 
the plane from a point a few miles away on the ground, or from 
another airplane flying in the air. 

The control of torpedoes after they have been fired from a 
ship is of great importance. In this work, an American, John 
Hays Hammond, Jr. ( has been a pioneer. His early experi¬ 
ments with a motor boat in which control apparatus was 
mounted, but which carried no 
passengers, demonstrated that 
successful control of water craft 
from a distance was wholly prac¬ 
tical; and during recent years de¬ 
velopments of this principle have 
brought Mr. Hammond’s appara¬ 
tus to a high degree of perfection. 

In target practice the United 


States Navy has controlled obso- 

Ij i 

1 

lete battleships by radio, so that 

- ,' V, 

the mimic warfare carried out 


against these ships had all the pro- 


blems of actual combat except the 

iiplll 

return fire of the enemy. These 

E 1 -. 

ships were successfully controlled 

■ppsh > 

until gun fire from the vessels had 


placed them in a sinking condi- 
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tion. 



Another experiment in radio Fj gl2 66. A photo-electric cell 
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London of a radio impulse which Sght^terinltheraundS 
in New York caused an explosion falls on a film of potassium on 

of flashlight powder and at the 1&"£3?S 
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ments of the last few years is the little glass tube, sometimes 
called a "magic eye." Like the cells of the human eye, this 
photo-electric cell is highly sensitive to light. In construction 
it resembles a radio tube without a grid. In a glass casing, 
filled with a rarefied mert gas, is a cathode consisting of an 
alkali coating which covers the glass except for a small opening, 
which may be likened to the pupil of the eye. A metal ring or 
fine wire net inside the tube forms the anode. While no light is 
falling on the cell the space between anode and cathode offers 
such a high resistance that no electric current is able to pass, 
But when light falls upon the cell, the resistance is lessened, 
and a current can pass. The strength of the current depends 
thus upon the amount of light which strikes the cell. These 
"light cells" are used in talking moving pictures (see page 354), 
in sending pictures by radio, and in television. 

Telephotography and television. These two terms are some¬ 
times confused. The first means sending pictures by wire or by 
radio, and has for some time been an accomplished fact. The 
second term means "seeing at a distance." While many 
successful experiments have been conducted, at the time that 
this is written there is still much work to be done in the labora¬ 
tory before truly practical instruments can be perfected. 

Let us consider one of the successful methods of telepho¬ 
tography. An ordinary photograph or manuscript is placed on 
the cylinder of the transmitting apparatus. As the cylinder 
rotates and at the same time moves forward, a beam of light 
plays over the photograph or message, Patches of light and 
shadow, as they appear on the photograph, are reflected by a 
system of mirrors to a photo-electric cell. The cell gives out 
electrical current corresponding in intensity to the light that 
reaches it. The current is highly amplified and sent out in the* 
form of radio waves, 

At the receiving station, a standard receiving set picks up 
the waves and transmits them to a special lamp which flickers 
according to the fluctuations in the current. This fluctuating 
light plays on a sensitized paper turning on a cylinder similar* 
to the one at the receiving station, In this way the lights and-: 
shadows of the original pho tograph 0 r manuscript are reorodu ced. - 
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Now what is television? Its aim is to see actual events or 
people at a distance, just as the telephone enables one to hear a 
voice or music at a distance. If scientists develop their ap¬ 
paratus as fast as they hope to do, it may be that even if you 
live on the Pacific coast, you may " see" the inauguration of 
the next president from your home. Television, as thus far 
developed, depends upon the photo-electric cell and upon 
special glow lamps, which aie filled with rarefied gases, such as 
neon and selenium. These glow more or less brightly in ac¬ 
cordance with the strength of the current which reaches them. 
Fifty or more years ago a certain scientist said: “The day 
will come when a man who wishes to speak to a friend will call 
him with a world-embracing, electric voice and his friend will 
reply — maybe from the slopes of the Andes, perhaps from a 
ship in the middle of the ocean; and if there is no reply the man 
will know that his friend is dead." When television is per¬ 
fected, its results will be fully as wonderful as the coming true 
of this prophecy. 

Messages of the future. Looking into the future, it appears 
that the method of breaking messages into words, words into 
letters, letters into dots and dashes, and then passing these 
through the wrist of an operator, which has been the practice 
since Morse's invention of the electric telegraph, is about to 
give place to mechanical transmitters with higher-speed quali¬ 
ties. Photography combined with radio bids fair to revolu¬ 
tionize our methods of transmission. 

From recent progress in sending pictures by radio, it is rea¬ 
sonable to expect that newspapers and business men will soon 
place great dependence upon a method which gives new speed 
and accuracy. Photographs of persons, places, or events, and 
also typewritten, handwritten, or printed news stories, may be 
transmitted in a moment for reproduction in newspapers far re¬ 
moved from the scene; and in the same way, exact copies of 
business messages, contracts, signatures, architects' drawings, 
and all other papers may be sent between people on opposite 
sides of the earth as rapidly as they can now be delivered be¬ 
tween neighbors in the same city. 
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REVIEW OUTLINE 

A. General principles 

1. History of radio progress 

2. Radio waves 

a. Velocity 

b. Wave-length 

c. Frequency 

3. Other waves in space 

a. How they are detected 

4. Sending messages by radio 

B. Broadcasting 

1. The studio 

2. Transmission 

3. How different stations can operate at the same time 

C. How TO OPERATE RADIO SETS 

1. Receiving sets 

а. Parts 

б. Tuning and selectivity 

c. Crystal detectors 

d. Vacuum tube detectors 

(1) Types of vacuum tubes 

(2) Tubes used as amplifiers 

e. Modern improvements in radio sets 

2. Why reception is not always perfect 

a. Weakening of signals 

b. Fading 
e. Static 

d. Man-made disturbances 

e. Interference 
/. Radiation 
g. Reradiation 

3. The work of amateurs 

a, Short waves 

b, Long waves 

4. Building your own set 

D. Further uses op radio 

1. Telephoning 

2. Radio direction-finders 

3. Control by radio 

4. Telephotography 

5. Television 

6. Messages of the future 
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Books That Will Help You 
INDIVIDUAL PROJECTS 

Working projects: 

1. Use a phonograph as a "loud speaker." 

Find the “reproducer" which is the part of the phonograph to 
which the needle is attached. This may be removed from the 
metal cylinder and one of the head-phones may be held in place 
against the opening of the horn. ^ 

2. Set up an indoor antenna. 

3. Build your own set. 

(Directions for making sets may be obtained from radio manu- 
facturing concerns, from radio magazines, or from the Bureau of 
Standards, Washington, D.C, Several circulars have already 
been issued by this Bureau treating the subject of radio. They are 
listed as numbers 121, 122, 133, 137, and 141, and the group may 
be obtained for forty-five cents. Doubtless these will be revised 
from time to time and new pamphlets prepared.) 

Reports: 

1. The birth of radio. 

Dunlap's Radio Manual, Chapter I. 

2. The batteries in my radio set. 

Letters of a Radio-Engineer to his Son. Letter 4. 

Radio for Everybody (pp. 108-11). 

3. Radio beacons. 

Dunlap's Radio Manual, Chapter X. 

4. Flashing words through space on lightning wings. 

Compton's Pictured Encyclopedia (vol 9, p. 3758). 

5. Marconi and wireless. 

The Slory of Great Inventions (pp, 208-20). E. E. Bums. Harper. 
The Boys’ Own Book of Great Inventions (pp. 81-88). F. L. Dar- 
row. Macmillan. 

From Beacon Fire la Radio (pp. 199-230). W. K. Towers. Harper. 

BOOKS THAT WILL HELP YOU 

The Book of Radio. C. W. Taussig. Appleton. 

Complete Radio Book. R. F. Yates and L, G. Pacent, Century. 
Construction of Radiophone and Telegraph Receivers for Beginners. M. B. 
Sleeper. Henley. 

Directory of Radio Broadcasting Stations. 

Many newspapers in the larger cities publish these directories. They 
also appear in many standard books on Radio. 

Letters of a Radio Engineer to his Son. John Mills. Harcourt. 

The Outline of Radio. J. V. L. Hogan. Little. 

Radio Amateur's Handbook. F. A. Collins. Crowell. 

Radio for Everybody. A. C. Lescarboura. Scientific American Publishing 
Co. 

Radio Handbook. Dellinger and Whittemorc. Lefax, Inc. 

The Radio Key Book. E. N. Rowland, All-American Laboratories, Chicago, 
The Radio Manual. O. E. Dunlap. Houghton. 

Radio Receiving for Beginneis. SnodgraBs and Camp. Macmillan. 

The Radio Manual. G. E, Sterling. Van Nostrand. 

Radio Telephone for Everyone. L. M. Cockaday, Stokes. 

Wireless Transmission of Photographs , Martin. Wireless Press. 
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TRANSPORTATION 

Importance of transportation in everyday life. Almost every, 
body at times finds it necessary to travel. It may be a journey 
across a continent by train or airplane, or across an ocean by 
steamer or dirigible, or it may be just a short trip to another 
part of town. If a long trip is to be undertaken, it involves 
some planning and the utilization of some outside power, such 
as steam or electricity, to make the trip. In many cases, even 
where the trip is a short one, we also use power other than 
that which our own bodies can furnish. Thus we drive, motor, 
or “trolley" short distances, or if we live in certain large cities 
we may take the elevated or subway trains. 

Even if we travel but seldom, our well-being and comfort are 
almost wholly dependent upon the use of systems of trans¬ 
portation. Consider where many of the things came from 
which you used this morning before coming to school. First, 
you had to dress. Did your father raise the flax, the cotton, 
etc., out of which your clothes were made? Did your mother 
make them in your home, spinning the yarn, weaving the 
cloth, dyeing it, etc.? Did your father keep the cattle from 
which the leather of your shoes came? Did all the different 
kinds of foods upon the breakfast table come from materials 
grown and manufactured upon the home grounds? You 6ee 
that many of the most common things that we use, must be 
carried perhaps many hundreds or thousands of miles. 

The facilities for transporting ourselves and goods from place 
to place are so common that perhaps most of us have given little 
attention to such questions as: What makes the automobile, the 
trolley-car, the subway train, the locomotive, the steamship, 
or the airplane move ? How did man ever discover how to make 
such truly wonderful things? What are the fundamental prin¬ 
ciples upon which their operation depends? Some of these 
questions we shall attempt to answer in this chapter. 
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THE PROBLEMS 

A. On transportation by land, water, and air. 

1. To compare the use of different inodes of trans¬ 

portation. 

2. Why do some objects float in water? 

3. What is the specific gravity of iron? 

B. On steam engines. 

4. What is the principle of the steam engine? 

5. How does a steam engine work? 

C. On gas engines. 

6. What is the principle of a gas engine? 

D. On electricity and transportation. 

7. What is the fundamental principle of the dynamo? 

8. To visit an electric power station. 


A. TRANSPORTATION BY LAND, WATER, AND AIR 

Problem 1: To compare the use of different modes of transportation. 
{Home or library problem.) 

Directions: By consulting census reports and other reference books, find 
the answers to as many of the following questions as possible: 

1. How many miles of railroad are there in the United States? 

2. How many automobiles are in use? How does this compare with 
the number in other countries? 

3. How does the number of liners compare with the number of freight 
or “tramp" ships? 

4. How does the number of passenger cars compare with the num¬ 
ber of freight cars? 

5. What are the most interesting recent developments in travel by 
air? 

Problem 2: Why do some objects float in water? {Pupils.) 

Directions: Fill a cup. with water and stand it in a saucer. Be sure the 
cup is full and the saucer is dry. Float as large a block of varnished 
wood as possible in the cup. What happens? Wipe the block dry and 
weigh it. Weigh the water in the saucer. Compare the two weights. 
If the wood had been forced under the water, would the weight of the 
water displaced have been greater or less than the weight of the wood? 
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Perform the above experiment with an object which sinks in water. 
How does the weight of this object compare with the weight of the 
water displaced by it? 

Conclusion: From the above experiments what can you conclude regard¬ 
ing die reason why some objects float and others sink? 

Question: How is this principle used in making boats? 

Problem 3: What is the specific gravity of iron? {Class.) 

Directions: Weigh a piece of iron. Weigli the water which it is able to 
displace. (For directions, see problem 2.) 

(Definition — By the specific gravity of a substance is meant the 
number of times it is heavier than the weight of ail equal volume of 
water.) 

Conclusion: What do you conclude the specific gravity of iron is? 
Question: Would you expect a steel ship to sink or to float? Why? 

Animal power compared with steam and electric power. One 
of the earliest methods of land travel was the caravan. There 
were several well-known Caravan routes between Asia and 
Europe. This method of travel was entirely dependent upon 
the use of animals. Some of the caravans consisted of as many 
as five thousand camels with their packs and drivers. It was 
customary to travel in large companies, sometimes several 
miles long, because of the danger from robber bands. In this 
manner materials could be exchanged between India and 
China on the one hand, and Asia Minor and Europe on the 
other. 

Animal power is, of course, greatly inferior to steam and 
electric power. At the present time the amount of steam 
power used every day is much greater than the combined 
power of all the horses and men in the world. Following the 
employment of steam, electricity has come into general use, 
and although they have been in use only a short time, the 
electric motor and dynamo are now considered almost indis¬ 
pensable. 

Water as a means of transportation. For many thousands 
of years man has used water for the transportation of himself 
and his goods from place to place. Just when or under what 
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conditions the idea of building a boat came into his mind we 
do not know. Doubtless the possibility of doing so must have 
suggested itself to him upon observing such things as straws, 
pieces of wood, or the trunks of fallen trees floating upon the 
surface of the water. At first he built very crude small boats 
hollowed out of the trunks of trees. Later he learned how to 
build larger ships and propel them by oars or sails. Some of 
these vessels were quite large, accommodating scores of rowers 
and passengers. Still later iron was used for the hulls of ships, 
By that time it had become possible to propel the ships by 
steam. At the present day there are great ocean liners which 
are like immense floating hotels, able to carry crews of over a 
thousand men, more than four thousand passengers, and thou- 
sands of tons of merchandise. 

Why substances float or sink. It is commonly said that 
objects lighter than water float and objects heavier than water 
sink. What does this mean and how is it explained? What 
is really meant is that objects lighter in weight than an equal 
volume of water float, and that objects heavier than an equal 
volume of water sink. If a three-inch iron cube were placed 
in a vessel full of water, a certain amount of water would be 
spilled over the sides. If this quantity of water were carefully 
measured, it would be found to be equal in volume to that of 
the cube. It has been determined that an insoluble solid, if 
immersed in water, will take the place of, or displace , a volume 
of water just equal to its own volume. 

Any object that rises to the surface of a liquid does so for 
the same reason that a balloon rises above the ground. As 
soon as the weight of the balloon becomes less than the weight 
of the air which it displaces, it tends to rise. Likewise, a piece 
of wood which weighs less than an equal volume of water will 
be buoyed up to the surface when placed in that liquid. 

We have already observed that the pressure within any part 
of a liquid increases with its depth. (See page 118.} The 
pressure at any point below the surface is also equal in all 
directions. Thus, point A in our diagram would have an equal 
pressure exerted upon it in every direction. Let us suppose 



The Work of the World 


544 

that a block of some material is placed in a liquid so that its 
top surface is on a level with A. Let us also suppose that the 
pressure at this point is five ounces per square inch. Then the 
downward pressure will be five ounces per square inch. The 
point B, being lower than A, has a greater pressure. Let us 
suppose that the lower surface of the block comes on a level 
with this point, and that the pressure 
there is eight ounces per square inch. 

It is evident that, not considering the 
weight of the block, there is more 
pressure upon it in an upward direc¬ 
tion than in a downward direction. If 
the weight of the block is such as to 
make the downward pressure atB less 
than eight ounces per square inch, it 
is evident that the block will be pushed 
upward. If, however, the block weighs 
so much that its weight combined with 
the downward pressure at A will be 
greater than the upward pressure at 
B, the block will sink. If the block 
weighs just enough to make the com* 
blned downward pressures equal to the upward pressure, the 
block will remain stationary, neither rising nor sinking. 

Archimedes’ principle. The principles to which we have 
been referring and which are applied in tire floating of iron 
ships may be stated as follows: A body immersed in a liquid is 
buoyed up by a force equal to the weight of the liquid displaced. 
It was first formulated by Archimedes, a Greek, who lived 
about 250 b.c. 

The king of Syracuse, where Archimedes lived, had ordered 
a crown to be made of pure gold. After it had been made he 
suspected that some silver had been mixed with.the gold, but 
no one knew how to find this out. The king asked Archimedes 
to solve the problem, and for a long time Archimedes puzzled 
over it. It is said that one day when stepping into the bath, 
he noticed that the water ran over the sides. It occurred to 



Fig. 267. A diagram 
to show why objects 
float in water 
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him that, if he put the crown and then a mass of pure gold of 
the same weight into a vessel full of water, they ought to 
cause equal amounts of water to flow over the sides of the 
vessel. However, upon doing this, he found that the crown 
caused the greater amount of overflow, thus showing that it 
was of greater bulk. In this way he was able to prove that 
the crown was not made of jpure gold, 

Specific gravity, The term specific gravity is such a common 
One that it is well for us to know what it means. It depends . 
upon Archimedes’ principle. Broadly speaking, specific gravity 
is the number of times a solid or liquid is heavier than an equal 
volume of water. If an object is heavier than water , its specific 
gravity is greater than one; if it is lighter than water its 
specific gravity is less than one. Thus, for a piece of wood the 
specific gravity may be .65, while for gold it is 19. Since it has 
been found that the specific gravity of pure substances, such as 
elements or definite chemical compounds, is always the same, 
it is helpful in determining the nature of unknown substances 
to find out their specific gravity. 

.The floating of iron ships. Objects, such as large stones, 
which can hardly be lifted on shore, may quite readily be 
lifted under water. We also know that some objects such as 
wood, the specific gravity of which is less than one, float on 
water. Certain other objects such as rocks and pieces of iron 
sink, because their specific gravity is greater than that of water, 
A piece of iron may be hollowed out in such a way as to permit 
it to float. Thus, it has been possible to make ships out of 
steel because the total volume of the ship, including the air 
enclosed within it, weighs less than an equal volume of water. 

Submarines. Archimedes' principle is involved in the use of 
the submarine. The upward push of the water is exactly equal 
to the weight of the water displaced. The boat rises in the 
water when the upward push is greater than the weight of the 
boat. The boat will sink when its weight is a little more than 
the weight of the water displaced. Submarines usually con¬ 
tain tanks into which water can be admitted, thus regulat¬ 
ing the weight of the boat. The direction of movement in the 
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water is controlled by means of horizontal rudders which cause 
the boat to glide either upward or downward through the 
water while the propeller drives it forward. 

The deeper the submarine dives, the greater the water pres, 
sure which its sides must withstand. For every thirty-two 
feet in depth the pressure increases fifteen pounds per square 

inch. In order for a sub¬ 
marine to be able to take 
refuge a considerable dis¬ 
tance below the surface of 
the water, as was some¬ 
times necessary in the 
World War, Its sides must 
be built strong enough to 
resist an immense pressure. 

Airplanes used for trans¬ 
portation. When we con¬ 
sider that in a single day, 
between dawn and dark, 
an aviator has traversed 
the entire width of the con¬ 
tinent, we can appreciate the tremendous strides made in the 
science of aeronautics since the development of the first success¬ 
ful airplane by the Wright brothers. (See page 26.) The rapid 
development of airplane transportation is largely due to the 
World War. Such a plane as that shown in figure 20 is a great 
contrast to those used in the first years of the war. Many 
aviators trained during the war are now engaged in piloting 
peaceful aircraft. Statistics compiled by the Aeronautics Branch 
of the United States Department of Commerce state that in 
1928 commercial planes flew 68,000,000 miles, and carried 
676,657 passengers in the United States alone. 

Airplanes becoming safer. To safeguard the public as much 
as possible, the Federal Government licenses airplanes after 
making sure that they are airworthy, licenses pilots only after 
rigid examination and much experience, allows repairs to planes 
only by licensed mechanics, inspects and rates flying schools, 



Fig. 268. One of the earliest air¬ 
planes, 1910 

The span of the wings was 42 feet. This 
machine developed a speed of 40 miles 
an hour, and was driven by engines of 
horse-power. The weight, loaded, was 
about 1 too pounds. Find out correspond¬ 
ing facta about present-day airplanes. 



Transportation by Land, Water, and Air 547 



Courtesy of United Air Lives 

Fig. 269. One of the latest coast-to-coast planes 


These " mainliners are powered with two twin-row wasp engines, rated 
at 1150 horsepower. They course at SOS miles an hour, usually at about 
11,000 feet altitude. 

and collects statistics regarding accidents in order to learn 
everything possible that would tend to reduce danger to a 
minimum. The Government also sees that aviation fields are 
marked, that red lights are put on all obstructions near air¬ 
ports, and maintains radio stations and beacons along air 
routes. It carries on experiments with safety appliances. The 
Weather Bureau is constantly widening its service. At present 
it is issuing reports every three hours over a wide belt across 
the continent. 

A recent test has shown that an airplane can be successfully 
landed in the densest fog. Instruments which show when the 
plane is on or off the course, how high above the ground it is 
to within a few feet, whether it is nosing up or down, or tilting 
to right or left, make this possible. (See page 2.) 

Radio installations are being constantly improved. Success¬ 
ful radiophone conversations were recently held between the 
ground and an airplane three thousand feet high. One of the 
problems which had to be solved in this connection was that 
of making the transmitting equipment small enough. The 
latest types take up very little space. 

Passenger airplanes. The use of airplanes for carrying 
passengers is rapidly increasing. In 1927, according to re¬ 
ports from the Aeronautics Branch of the Department of Com- 
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merce, 12,594 passengers were carried on regular airlines, and 
in 1926, 52,934. A three-motored, seventeen-passenger air- 
plane costs from {40,000 to {75,000. Larger airplanes are 
being built with more equipment for the convenience and 
comfort of the passengers. Since they have a heavy respon¬ 
sibility, the pilots are very carefully chosen. An inspection 
of the cockpit of a modern passenger airplane is most interest¬ 
ing, For the pilots there are two seats with interchangeable 
controls. There are pedals which control the vertical rudder, 
making the airplane turn to the right or left. The wheel is 
attached to the end of the “stick, ” If this is pulled toward the 
pilot, the plane noses up. If it is pushed away, the plane 
noses down. Turning the wheel moves ailerons on the tips 
of the wings which cause the plane to “bank" in making a 
right or left turn. On the instrument board in front of the 
pilot are many dials and switches, which enable the pilot to 
control the plane, even if he is unable to see landmarks, and 
must "fly blind." Behind the pilot is a gasoline gauge, an 
air-pressure pump to increase pressure on the gasoline in the 
tank, a fire extinguisher, a flare release. In order that the 
pilot may be able to keep his seat in rough weather, he straps 
himself to it by a broad belt around his waist. 

Airports. In 1937 there were about twenty-three hundred 
airports in the United States. Their number is increasing 
rapidly. Some of the problems that have to be met in choosing 
wisely the location of an airport are: location in respect to city, 
railroads, highways, street cars, weather conditions, smoke, 
fog, direction of prevailing winds, fire protection; parking 
facilities; drainage. If possible, visit an airport to find out 
what other problems have to be solved, 

A mid-ocean airport is being planned. This is. designed a9 
a huge floating structure about twelve hundred feet long and 
four hundred feet wide, which will be securely anchored at a 
convenient point out in the Atlantic. It will serve as a 
landing-place and repair station for the trans-Atlantic air-, 
liners of the future. 

Mail planes. The greatest development in aviation, since 
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the World War has been the use of airplanes to carry mail. 
Regular air-mail routes are now established, linking together all 
parts of the country. In the year 1933, there were over 28,000 
miles of mail airways. The pilots fly day and night, at an aver¬ 
age speed of about 125 miles an hour. In the first six months of 
that year American airlines carried 291,727 passengers, 888,183 
pounds of express goods, and 3,556,216 pounds of mail. Can 
you obtain any more recent figures? Airplanes are now used 
in agriculture and forestry. Can you find out in what ways? 

Dirigible balloons for transportation. The invention of the 
“dirigible" type of balloon, which is driven by motors, and can 
be kept on a definite course, marks a great advance in trans¬ 
portation by air. In trans-oceanic flying, the dirigible is at pres¬ 
ent more practical than the airplane. The helium gas now used 
is greatly superior to the hydrogen used in the early types of 
balloons, since it is non-explosive and non-imflammable, The 
Graf Zeppelin is one of the most famous dirigibles. On a regu¬ 
lar flight between Friedrichshaven, Germany, and Pernambuco, 
Brazil, in October, 1933, she made the distance in 72 hours, 40 
minutes. What are some of the earlier records? What is the most 
recent development in aeronautics of which you have heard? 

B. STEAM ENGINES 

Problem 4: What is the principle of the steam engine? {Pupils) 

Directions: Partly fill a test-tube with water. Put a snugly fitting cork 
in the open end and heat the water in the tube. Point the tube away 
from you and make the water boil. Observe what happens while the 
water is boiling. 

Question: How do you explain the result of the experiment? 

Problem 5: How does a steam engine work? {Class.) 

Directions: If possible, obtain a model of a steam engine. Set it going 
and observe the working of the parts. From a study of the model and 
with the help of the diagram try to obtain answers to the following 
questions. 

Questions: ■ 

1. What makes the piston move? 

2. How does the steam reach the piston box or cylinder? 
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3. What 3b the use of the sliding valve? Make a series of diagrams to 
illustrate. 

4. How is the motion carried from the piston to the place where the 
work is to be performed? 

The principle of a steam engine. A new era in transporta¬ 
tion was opened when, in 1807, Robert Fulton made his first 
successful trip up the Hudson River in his steamboat the 
Clermont. A few years later the first steam locomotive was 
perfected. The fundamental principle underlying the opera¬ 
tion of the steam engine is that when water is changed into 
steam it expands with great force, occupying approximately 
sixteen hundred times the amount of space it formerly occupied 
as water. This expansive force is used to move a piston which 
is connected by shafts to the wheels of the engine. 

The first steam engine. The steam engine originated be¬ 
cause of the necessity of getting water out of coal mines. Some 
mines had to be abandoned because there was no way of remov¬ 
ing the water. A time came when it was found absolutely 
necessary to invent a machine that could accomplish this work. 
There is probably no better illustration of the old saying 
“Necessity is the mother of invention” than the invention of 
the steam engine. After it had once been put to use in mines 
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it soon became evident that it might be applied in other ways 
as well. 

A man named Newcomen, in 1704, invented the first steam 
engine. This first engine really depended as much upon air 
pressure as upon steam for its operation. The steam was ad¬ 
mitted through a valve into a piston box or cylinder and forced 
the piston to move. When the piston had traveled the entire 
length of the cylinder, a spray of cold water was introduced 
into the interior of the cylinder through another valve. This 
caused a condensation of the steam which resulted in producing 
a partial vacuum in the cylinder. The air pressure then forced 
the piston back to the starting point. The valves had to be 
opened and closed by hand and this consumed a considerable 
amount of time, so that the number of strokes that this engine 
could make in a minute was not more than seven or eight. 
■ There is a story in connection with this first steam engine to 
the effect that a boy, named Humphrey Potter, invented a 
system of levers and strings which mechanically opened and 
closed the valves. This invention made it possible for the 
engine to do nearly twice as much work as previously. 



Fig. 271. The most powerful locomotive in the world 
It belongs to the Great Northern Railway. Oil is used forfuel. _ With 
its tender, the locomotive weighs 685 tons. It can haul a train weighing 
5500 tons, on an eight-tenths per cent grade. What does last state¬ 
ment mean? 

How a steam engin® works, Fpr nearly three quarters of a 
century Newcom®hisi.idsisi^n:iiwf&t^ 1 ^)f n ^^jfesy rn - Steam 
engines were they 
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ran with a simple up-and-down motion. Then between in 
and 1785 James Watt improved the design to such an ex 3 ' : 
that to this day no radical changes have been made in the 3’ 
steam engines are made. Watt's engine is usually spoken If 
as the first steam engine, although Newcomen’s work p reD JJ 
the way for it. Watt’s final contribution was in arraJE 
steam engine that would turn wheels. He made it poLb£ 
for example, to run cotton nulls by steam power. 

The fundamental conditions necessary for the operation of 
the double acting steam engine, which Watt perfected abo# 
1784, can be understood by referring to the diagram on pare« 

The steam enters the steam chest through the inlet leadifel 
from the boiler, which is not shown in the diagram, but undeT 
which there is a fire to change tiie water into steam. After 
entering the steam chest, the steam is carried alternately 
through two passages into the cylinder. This alternate use 
of the two passages is brought about by the sliding valve, which 
is connected with the revolving shaft by a rod called the 
eccentric rod. As the steam enters one end of the cylinder It 
moves the piston toward the other end. At the same time the 
steam in the other end of the cylinder is forced out through the 
exhaust pipe. 

The locomotive and its development. Although at first 
nothing but stationary steam engines were used, it was not 
many years before there was an attempt to make vehicles that 
codd be propeUed by steam. The first invention of this kind, ■ 
Uignot s (Koon-yo s) steam carriage, in 1769, was based upon 

ewcomen s engine. It was a ponderous mechanism set on 
three wheels with a fire-box and boiler in the front. The 
making of steam carriages that would travel along country 
roads was not successfully accomplished until the latter part 
ot the nineteenth century, when some of the automobiles were 
0 this description. In the early part of that century, however, 
alter many experiments on the part of several men, Stephen- , 
son, an Englishman, constructed a locomotive which he called 
T il' J his locomotive, in 1829, made a trip from.: ,! 
Liverpool to Manchester. The Rocket was able to attain 
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Fig. 272. The development of railroad transportation 
The Twentieth Century Limited steaming beside the De Witt Clinton, 
wood-burning locomotive and coaches, the New York Central’s first train. 
The De Witt Clinton was the first train operated in New York State, run. 
nine from Albany to Schenectady in August, 1831. This picture was taken 
at Harmon, New York, 90 years later. {New York Central Lines.) 


speed of nearly thirty miles an hour and did not differ markedly 
in its fundamental features from the steam locomotives of 
the present day. Several of Stephenson’s locomotives were 
shipped to the United States. The locomotives of Stephen: 
son’s time weighed from five to twenty tons. Those of to-day, 
which haul our heavy freight and passenger trains, weigh, about 
two hundred and fifty tons. The largest locomotive weighs 
over five hundred tons. The locomotive has had a large share 
in the settling and development of North and South America, 
Australia, and Africa. Can you find out what railroad develop¬ 
ment is going on in Asia? 

Ocean transportation by sail. For centuries, ocean transpor¬ 
tation Was carried on in sailing vessels; Eventually a very ef¬ 
ficient type was developed, the so-called “packets." These 
were large, square-rigged ships that sailed on regular schedules 
between certain ports. An American vessel, the Savannah, 
was the first to use a steam engine at sea, About 1840, steam¬ 
ships came into use in England. To meet this competition, 
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American shipbuilders began to build faster sailing vessels, 
Our “dipper ships" became the most famous vessels in the 
world. For some time they held their own, but with the im¬ 
provements in the steam engine, the steamships eventually 
forged ahead. There are still many sailing vessels, mai nly 
schooners, used in coastwise transportation and in fishing, 
They use fore-and-aft rigging. You will be interested in study¬ 
ing the various forms of sails used by different types of vessels. 
A report on the development of transportation in sailing vessels 
and in steamships would make a most interesting project. 



Figs. 173, 274. The steam turbine 

The illustration at the right shows the steam turbine with the casing cut 
away to reveal disks carrying the blades against which the steam impingeB. 
The disks ol the first, third, fifth, etc., sets of blades are fastened to the 
Bhaft and revolve with it, The second, fourth, sixth, and corresponding 
blades are stationary. The stationary blades, which are fastened to the 
framework, direct the steam to the movable blades so that the force of the 
steam will always be striking into the cup of the driving blades. 

The expansive power of the steam driving the successive disks increases 
its volume hundreds of times so that the wheels are made larger and larger 
and the blades lengthened as the steam passes through the turbine. 

The illustration at the left shows one of the wheels with its sets of blades. 

Ocean transportation by steam. Before steam was success¬ 
fully used for propulsion on land, steam power was applied to 
move ships. The first successful steamship, Fulton's Clermont, 
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made the trip from New York to Albany and back, attaining a 
■ gpeed of about five miles an hour. To-day there are magnifi¬ 
cent s team ships plying on practically all the great rivers and 
l akes of the world and on the great expanse of oceans, In some 
of the most modern, the power is furnished by enormous steam 
turbines such as the one shown in figures 273 and 274. Study 
the illustration carefully, so that you may understand how a 
steam turbine works. The Bremen is to-day an outstanding 
example of the achievements of the builders of ocean liners. 



Fig. 275. The principal steamship tracks of the world 


Great water routes. The ocean is the world highway. A 
nation that does not touch the ocean is like a man whose house 
is not on a street. 

Ships that sail the sea may be divided into two great classes, 
the liners and the tramps. Liners carry passengers, mail, and 
a certain class of goods, such as small expensive articles. 
Tramp ships do a much greater proportion of the work of the 
world than most people realize. They carry the heavy com¬ 
modities — the raw materials and the food, which are neces¬ 
sary for the life of a manufacturing people. The two kinds 
of ships work together as express trains and freight trains do. 
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The routes of the liner are set, within certain limits. Each 
has a schedule to follow. It sails from an American port and' 
docks at a foreign port, as regularly as a train makes a trip, 
except as occasionally an iceberg or a storm may cause the 
usual route to be changed. Tramps, on the other hand, go 
wherever a cargo awaits them. Sailing ships depend on the 
great winds of the world, such as the trade winds and the 
westerlies for favoring breezes. Steamships depend more upon 
the location of coaling stations. Study figure 275 on page 555 
to see the principal steamship routes. 

The Panama Canal has very greatly reduced the distance of 
many ocean voyages. 11 is possible that another canal through 
Nicaragua will soon be built to supplement the Panama Canal. 
Can you find out the probable location? 

Inland commerce depends on lakes and rivers. In the 
United States the greatest inland waterway is the Great Lakes. 
Since water transportation is always cheaper than land trans¬ 
portation, some of the railroads extending east and west use 
the lakes for cheaper transportation of their freight. The 
trade routes of the Middle West may “be likened to a section 
of a thick cable woven of many strands which are untwisted 
and spread out fan-like at both ends. The lakes with their 
steamship lines and the competing railways that follow their 
shores, make the central or compact section of the cable. The 
loose ends are represented by the many lines of railway that 
converge at the western lake ports, and by the other lines that 
diverge from the eastern lake ports to the Atlantic Coast." 1 

President Hoover instituted in 1929 the most extensive pro¬ 
ject for the development of our inland water ways — rivers and 
canals — that has ever been undertaken. When completed, 
some ten years hence, it will make possible cheaper long¬ 
distance transportation of freight than our country has ever 
. known. See what details of the plan you can learn. 

Great land routes, On a map showing the railroads in the 
United States see how numerous they are east of a line which 
roughly follows the 100th meridian, and how few they are in 

* J. Rum ell Smith, In Industrial and Commercial Geography, Henry Holt St Co. 
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comparison west of that line. East of the line are the prairie 
plains, the great wheat- and corn-growing district, and the 
great manufacturing districts of the country. The flat plains 
offer no hindrance to railway construction. The Appalachian 
Mountains are not too high to cross easily, and have several 
gaps through which railroads may pass. The Great T-aWa 
offer ports with which the railroads may profitably connect. 

West of the 100th meridian much of the land is semi-arid. 
The ranges of mountains are high and hard to cross. The 
population is scanty compared with that of the East. Trans¬ 
continental trade is increasing, however, so that there are now 
eight distinct routes or lines crossing the continent. 

Tunnels and bridges. Where mountain ranges make a 
barrier, tunnels are made to reduce grades and to save time. 
The Moffat Tunnel in Colorado, which was recently completed, 
cost about $18,000,000, is more than six miles long, and makes 
it possible to cover in about twelve minutes the distance which 
formerly required seven hours. The tunnel avoids the neces¬ 
sity of taking the old roundabout route. In the construction 
of a tunnel, the work proceeds at each end. The surveys are so 
accurately made that the working crews meet in the middle 
of the tunnel with a very small error in direction. Make a 
. report on other tunnels which have been built to aid trans- 
• portation. 

Bridges also are important means of saving distance. For 
example, the Hudson River and the East River, in New York, 
are spanned by many wonderful bridges; while the greatest 
suspension bridge in the world has recently been completed at 
Detroit; and we frequently read in the newspapers of the amaz¬ 
ing accomplishment of engineers in spanning such great gorgeB 
as the Royal Gorge in Colorado. 

C. GAS ENGINES 

Problem 6: What is the principle of a gas engine? (Class.) 

Directions: Use a coffee pot prepared by making a hole near the bottom 
large enough to admit a Bunsen burner. Make another small hole half¬ 
way up the side at B, A stiff wire is fastened to the handle as shown 
in the diagram at C. 
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Hold a flame at the small opening, B. Admit gas at the lower onen. 
ing, A> What happens? When? 

Repeat the experiment. IIow many times does 
the cover, which represents the piston of an engine 
fly back? 1 

Empty the coffee pot of the products of combus¬ 
tion. Try the experiment again. 

When the mixture fails to explode, what is the 
reason? 

Conclusions: 

1. What causes the explosion in a gas engine? 

2. What is one of the conditions necessary for the 
explosion to repeat itself? 

Steam engines compared with gas en¬ 
gines. A gas engine is like a steam engine 
in that both use fuel; the former generally 
uses gasoline, while the latter usually burns coal. A gas 
engine is also like a steam engine in that both need an air- 
supply. They are further alike in that they produce wastes 
which must be gotten rid of. Gas engines are different from 
steam engines not only because they arc lighter and consume 
a different kind of fuel, but because of the fact that these 
engines oxidize the fuel in the cylinder where the piston 
operates; whereas in steam engines the fuel is consumed in the 
fire-box and only the steam enters the cylinder. For this' 
reason gas engines are called internal-combustion engines. 

How a gas engine works. In the usual gas engine there 
are four strokes which take place in turn in each cylinder, 
(i) There is the suction or intake stroke during which the gas 
and air are mixed and sucked into the cylinder in proper 
amounts. '(2) There is the compression stroke which results 
in compressing the mixture of gases. (3) There is the power 
stroke that is caused by the explosion of the gaseous mixture 
by means of an electric spark. (4) There is the exhaust stroke 
which cleans out the products of combustion from the cylinder 
and thus prepares it for another series of strokes. Such an 
engine is illustrated on the opposite page. Study carefully the 
diagram and the explanation below it. 



Fig. 276. An ap¬ 
paratus to sug¬ 
gest the action 
of a gas engine 



Fig. 277. How an automobile engine works 

These diagrams explain the operation of the “ four-stroke cycle." They 
do not represent a cross section of the block of a four-cylinder engine. The 
first diagram shows the suction stroke; the second, the compression stroke; 
the third, the power stroke; and the fourth, the exhaust stroke. Near the 
top of each diagram, tht working of the valves is indicated. Below each, 
Is shown the connection with the crank shaft which transmits the power to 
the rear axle. The four diagrams show these strokes: 

First, The rotating crank shaft draws the piBton down, causing a 
vacuum in the combustion chamber. By the suction of the piston a 
vaporized mixture of gas and air is drawn into the combustion chambci 
through the open inlet valve. The exhaust valve remains dosed throughout. 

Second. When the piston reaches the bottom of its stroke, the inlet valve 
doses; and both this valve and the exhaust valve remain dosed throughout 
the compression stroke. The rotating crank shaft now causes thapiston to 
rise; and this compresses the vaporized mixture of gas and air in the com¬ 
bustion chamber. 

Third. At the beginning of the power stroke, the compressed mixture of 
vaporized gas and air is ignited by an electric spark, produced by the 
spark-plug. The piston is forced down by the explosion. This is the only 
power stroke of the series of four — the one that causes the crank shaft to 
rotate. Both inlet valve and exhaust valve still remain closed. 

Fourth, The piston is again forced up, and drives the burned gas through 
the opened exhaust valve. At the top of the stroke the inlet valve opens, 
a new mixture of vaporized gas and air is admitted, and the cycle of strokes 
begins again. Each of the Btrokes occurs in each of the cylinders. 


























The Work of the World 


560 

In the gasoline engine the cylinders have to be kept cool bo 
that the gaseous mixture does not explode prematurely. This 
is just the opposite of the steam engine where it is of advantage 
to keep the cylinder hot. Can you see why? 

The automobile. As early as the eighteenth century Cugnot 
invented a steam carriage, but foi many reasons such forms of 
locomotion did not come into general use at that time. It was 
not until half a century later that any considerable attention 
was again given to this problem. Again the effort was doomed 
to fail. It was not until near the end of the nineteenth century 
that the problems involved in producing a self-moving vehicle 

were successfully solved. 
At that time three kinds 
of automobiles were man¬ 
ufactured — one obtaining 
its power from steam, 
another from electricity, 
and the third from gasoline. 

In 1895 the first automo¬ 
bile race in this country 
was held at Chicago, The 
cou rse was ninety-five mileB 
long. Two machines en¬ 
tered and one did not finish. 
The one that finished main¬ 
tained an average speed 
of ten miles an hour and was forced to make several stops 
for repairs and for the purpose of packing ice around the en¬ 
gine. Compare this condition of affairs with the automobile 
of to-day! 

In the usual type of gasoline motor car, or truck, the 
gasoline is drawn from the gasoline tank into the carbu¬ 
retor (see figure 279), where it is changed from a liquid into 
a gas by being drawn through very small openings. Inrush- 
ing air carries the gasoline vapor into the motor cylinders 
and mixes with it. A proper adjustment of the carburetor 
is necessary in order that the gas and air shall he mixed in just 



Fig. 278. An automobile of 1896 
This was one of the earliest riiacliines 
placed on the market, the predecessor of 
the Oldsmobile of to-day. 
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the right proportions to produce an explosion (see problem 6). 

In each cylinder the same cycle of operation follows, as 
explained in figure 277. Some automobiles have six, eight, 
or even more cylin¬ 
ders. The greater 
the number, the 
more smoothly the 
engine runs; that 
is, the intervals be¬ 
tween the explo¬ 
sions are shorter 
so that the engine 
transmits its power 
more continuously. 

After the engine is 
started, either by a 
crank or by an elec¬ 
tric starting sys¬ 
tem, this series of 
strokes, taking place 
at slightly different 
times in the several 
cylinders, keeps the 
fly wheel in motion 
and transmits its power by means of the propeller shaft and 
the transmission to the rear axle, which turns the wheels. 

The transmission is a change-speed device consisting of gears 
which mesh with each other in different combinations con¬ 
trolled by the gear-shift lever. In 11 low ’' gear the speed of the 
car is slowest. When the gears are shifted to "intermediate” 
or "second," the speed' is somewhat increased. "High” or 
“direct” speed is used in running the car after it is started. 

The car is kept in motion by the rear axle drive. By a 
system of gears the motion of the propeller shaft causes the axle 
shaft to turn the wheels. The type of gear shown in the illus¬ 
tration (figure 281) is known as a worm drive. It operates on the 



Sl'/pfllv Carburetor 

Mg. 270. The carburetor 
Gasoline is kept at a constant level by the float 
which opens and closes needle valve (B) by acting 
on the levers ( 4 , A). The running engine pro¬ 
duces a partial vacuum in the manifold which 
causes a current of air to rush past the jet (C). 
This stream of air vaporizes the gasoline as it is 
drawn from the jet. 
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Cadillac 

Fig. 280. The automobile transmission 

The gear principle depends on the law of the lever, The acting force Is 
applied at the circumference of the gear — the larger the gear, the longer 
ia the force arm. 

By different movements of the gear-shift lever, different sets of gears 
become engaged, thereby changing the gear ratio of the engine to the rear 
wheels, which permits of easier and smoother starting and greater hill- 
climbing ability. When in high-speed the ratio between the engine and 
differential ia direct. In all other speeds the crank shaft 1b connected to 
the main drive-shaft by means of the counter-shaft and gears. 

The clutch consists of a BCt of disks which must be separated by pressure 
an areleaae pedal while gears are being shifted. The function of the clutch, 
by friction between its disks is to communicate the movements of the 
engine to the rear wheels via transmission, drive-shaft, and differential. 

principle of a screw (see page 445). What other types of gear 
do you know? 

A new car has recently been placed on the market in which 
the power is delivered at the front axle rather than at the rear. 
You will be interested to find out the differences in design that 
this plan introduces. 

Automobiles are now equipped with “four-wheel brakes,” 
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which make it much easier to handle a car safely in congested 


city streets. 

The Diesel engine. Although 
most gas engines use gasoline, 
there are some which oxidize other 
fluids. Of these the Diesel engine 
is the best known. This engine 
is now used to propel some ships, 
for example, the submarine, and is 
more economical than the gasoline 



engine in that it uses a cheaper form 
of fuel, namely, crude oil. It has 
also an advantage over the gasoline 
engine in that no electric spark is 
needed, the heat of the compressed 
gas being sufficient to cause an ex¬ 
plosion of the mixture at the proper 
time. The great pressure developed 


Pig. 281. The worm drive 
on the rear axle of a truck 
At the top is Bhown a shaft 
with a screw thread. Ab this 
rotates, it meshes with the 
teeth of the cogwheel shown 
below. With each rotation 
of the shaft, the wheel of the 
truck revolves the distance 
between two cogs. 


in the cylinders makes heavy construction necessary. This 


makes the first cost of the engine rather high. 



Pig. 282. Modern streamlined trains are driven by Diesel 
engines 


Diesel engines have been greatly developed since the World 
War, and can now be used to propel the largest ships. Ex¬ 
periments in the application of Diesel engines to airplanes are 
now being carried on. 
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Most airplane engines are of the air-cooled, radial type. The 

! - .... *—^ cylinders are arranged in 

a circle, all pointing to¬ 
ward the center so that 
they appear to be very 
stout spokes of a wheel, 
The pistons in these 
cylinders are all con- 
n ected to one crank shaft 
at one end of which is 
the propeller. TheZR 3 , 
which is shown in figure 
19, has five V-type re-' 
versing engines, each 

—_ - - ** -J with twelve cylinders. 

Cowicsy of United Air Lines By reversing the engines 

Fig. 283. An airplane engine rated at the pilot can slow down 

1x50 horsepower the ship 

This is one of the twin engines used in the Airnhnp »nmn« n™ 
airplane shown in Fig. 269. It operates on Alr P lane en E nes are 
the same general principles as an automobile now so dependable that 
engine (sec page 559). a machine recently 

stayed in the air over a week. Whenever fuel ran low, more 
was pumped from another airplane. 



D. ELECTRICITY AND TRANSPORTATION 

Problem 7: What is the fundamental principle of the generator 1 
{Class.) 

Directions: Attach a coil of insulated wire to the binding: posts of a gal¬ 
vanometer. 

{Note: A galvanometer is an instrument for detecting the possible 
presence of an electric current.) 

Thrust a permanent magnet in and out of the coil and notice whether 
the galvanometer indicates that there is an electric current flowing 
through the wire. 

Conclusion: What can vou conclude from this experiment? 
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problem 8: To visit an electric power station. (Class or prottp 
project.) 

Directions: If necessary, question the person In charge of the trip so that 
you mfty be able intelligently to answer questions of the kind here given: 

What is the source of the power from which the electricity is gener¬ 
ated? 

What kind of turbines are used and how much power do they gen¬ 
erate? 

Where are the magnets and where are the revolving armatures? 

Where does the electricity go after it has been generated? What are 
the different ways in which it is used? 

Summary: Write a report of your trip, explaining at least two of the 
devices which you saw. 

Electric power. In most large towns and in every city 
throughout the United States there are numerous instances of 
our dependence upon electricity for transportation. For ex¬ 
ample, the operation of trolley cars, cable cars, elevated and 
subway trains depends upon electricity. All of these con¬ 
veniences depend upon electric motors for their operation and 
electric motors depend upon the electro-magnet. We have 
already studied about electro-magnets in connection with elec¬ 
tric bells, telegraphs, and telephones. We have also studied 
the electric motor in the chapter upon “Electricity in Our 
Homes." Here we are concerned with its application to trans¬ 
portation. 

Electric cars and locomotives. Although the motion of all 
electric cars is dependent upon the use of electric motors, there 
are several different ways in which the electricity is brought 
into the motor from the power station or plant. Thus, in the 
case of a trolley car the electric current is conducted in over¬ 
head wires and led by means of a pole down to the motors 
which are placed under the cars. The largest of the cars have 
eight motors. The electric circuit is completed through the 
ground and through the tracks. In the case of a cable car, 
the wire carrying electricity is placed underground and the 
pole connects with it underground instead of overhead. There 
is still another common method of conducting the electricity, 
namely, by means of the so-called third rail which is placed 
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alongside of the tracks, This third rail carries the current 
which is in turn brought to the motors under the car bv 
of a shoe or iron connection. 6108 


been installed for limit- 
ed distances over roads 
Which formerly carried 
only trains pulled by 

steam locomotives. One 
of the great advantages 
of the electric locomo¬ 
tive is that it produces 
no soot and smoke. 
Therefore it is especially 

to be desired while trains 
are passing through cit¬ 
ies. The New York Cen- 
. . . tral Railroad uses elec¬ 

tric locomotives 57 feet long and weighing 110 tons. They are 
driven by 8 motors, each of 325 horse-power. The largest elec¬ 
tric locomotive that has been built is used on the Virginian Rail¬ 
way. . It is 150 feet long, is in three sections, and can pull a train 
ot traght cars nearly two miles long, and weighing 9000 tons. 

The generator compared with the electric motor. In one 
sense the generator is the opposite of the electric motor. The 
object of the motor is to obtain motion and in doing so it 
makes use of electricity. The object of the generator is to 
generate electricity and in doing so it uses the energy of motion. 
(See page 463.) 



Fig, 284. A modem electric locomotive? 


The principle of the generator. As the electric motor de¬ 
pends for its operation upon the electro-magnet, so also does the 
operation of the electric generator. Faraday, an English scien¬ 
tist, discovered in 1831 the principle upon which all generators 
are run, He found that' when a pennanent magnet is placed 

l nS i l a f° ° f Wlre '. a ternporar y current is produced in the coil 
nd that a current in the opposite direction is produced when 
e magnet is withdrawn, Here was a means of producing or 
generating electricity, provided there was a supply of motion 
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energy available to produce a movement of the coils so as con¬ 
tinually to cut through the lines of force about the magnet. 
(Refer to pages 461 and 463.) The principle of the generator 
is easily understood, if the electric motor has been studied. 
The best way to study a generator is to set one in operation and 
study its parts, which will be found to be quite similar to the 
electric motor. If the armature of an electric motor is rotated, 
an electric current is produced — in other words it becomes a 
generator. If current is supplied to a generator, it will run as 
a motor. The generator is run by the power of falling water or 
by the pressure exerted by water changing into 6team. 

Power stations. The power plants in the United States in 
1927 totaled 11,721,000 horse-power, which nearly equals the 
total produced in all Europe. These plants make it possible for 
electric railways, manufacturing of many kinds, the telegraphs, 
the telephones, and many other industries to be conducted. 



Fig. 285. A diagram to show how electricity is generated from 
water power , 

Water from a distant source is led through pipes. It rushes down through 
the pipes of the penstock and turns the turbine water wheel which runs 
the generator. The water then passes out by way of the tail race. The 
electricity generated is distributed through the wires of % 
line. The surge chamber is a sort of safety-valve, to takei care otj tne 
rush of water if the turbine machinery gets out of order. Refer al» to 
figure 242, page 478. 
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Fig. 286. The Kerckhoff dam 
in the Sierras 

This dam is located in a box can¬ 
yon fifteen hundred feet in depth. 
It is built across the San Joaquin 
River, 40 miles northeast of Fresno, 
The dam is 125 feet high and 570 
feet in length. It diverts the water 
into a tunnel 18 by 18 feet and 
17,300 feet in length. After the 
waterleavesthe tunnel, it is carried 
by three penstocks into the turbine 
r oom at Kerckhoff power house, 


Fig. 287. The Kerckhoff power 
house 

In this building are the great 
turbines which convert the water 
power developed by the dam into 
electrical power. The total ca¬ 
pacity is 32,300 horse-power. This 
power is then transmitted many 
miles to homes and factories. 

(Courtesy .San Joaquin Light ani 
Power Company.) 


Water power for generating electricity. More and more an 
increasing number of generators are being run by water power 
instead of by steam. Four great water-power plants may be 
mentioned. The largest in the United States is situated at 
Niagara Falls, New York. The second largest is at Cona- 
wingo, Maryland. Here there is a dam nearly a mile long. 
Seven water wheels produce a total of 378,000 horse-power. 
Any points within a radius of 200 miles of these places may 
obtain electric power from these stations. St. Louis, 137 miles 
away from Keokuk, Iowa, consumes most of the power gener¬ 
ated at that place, The falls of the Feather River, in the 
northern part of California, furnish power, some of which is 
used in San Francisco, 160 miles away. The generators in such 
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large power plants are run by turbine water wheels. (See fig¬ 
ure 285.) 

The Niagara River is the outlet of the Great Labes, except¬ 
ing only Lake Ontario. It flows at the rate of over one and a 
half million gallons a second; and, fortunately for industry, it 
falls over three hundred feet within a distance of five miles. 
There is thus created one of the greatest sources of power in 
the world — about six million horse-power. By treaty be¬ 
tween the United States and Canada, the use pf water from 


the river for power pur¬ 
poses is limited to about 
a quarter of the flow, in 
order that the magnifi¬ 
cence of the great falls 
may be preserved. 

The Niagara Falls 
Power Company pro¬ 
duces the greatest 
amount of electricity at 
the lowest, average price 
on the continent; and it 
has the three largest hy¬ 
dro-electric generators 
in the world — seventy 
thousand horse-power 
each. A large part of 
this power is used at 
Niagara Falls, New 
York, in producing such 
basic materials of man¬ 
ufacture as aluminum, 
carborundum, iron al- 



Wtsiingkmist Electric am i Monufadurint Company 


Fig. 288. Interior of a hydro-electric 
power plant 

Each of these huge generatorshasan electro¬ 
magnet as one of its parts. These generators 
are turned by water-driven turbine wheels. 


toys, and electro-chemi¬ 
cals — all of which depend for their production upon constant, 


abundant, and low-cost electric power. 

The rest of the power produced is sent by high-tension trans- 
mission lines over a territory about three hundred miles from , 
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west to east and one hundred miles from north to south, 
Nearly two million people throughout New York State are thus 
supplied wilh power for mills, trolley cars, and for lights for 
Btreets, stores, offices, and homes. 

Kinds of water wheels. Before the days of electricity, many 
mills were run by water power. Three 
kinds of water wheels were used: the 
overshot, the breast wheel, and th tundtr- 
shol. As these names imply, the over¬ 
shot wheel receives the water from 
above; the breast wheel receives it al¬ 
most at the middle; and the undershot 
wheel receives it underneath. If you 
will examine the illustrations, you will 
be able to understand the operation of 
these wheels. The overshot wheel re¬ 
ceives the water in buckets, the weight 
of which forces the wheel to revolve, 
The breast wheel works in a similar 
manner. The undershot wheel has 
paddles which are moved by swiftly 
flowing streams of water. 

There are two main types of water 
wheels now in use — the Pelton wheel 
and the turbine. The Pelton wheel 
consists of single or double cup-shaped 
buckets on the circumference of a wheel. 
Big. 289. Three types The water is brought through a pipe, 
y. a * e f w keels w hich ends in a nozzle. Issuing from 
ici is w uc the nozzle at high speed, the water strikes 

.the buckets and turns the wheel. The Pelton wheel is most 
suitable where the volume of water is small, but the pressure 
great. The more common turbine is most suitable where the 
volume of water is great. In the case of most of these wheels 
the power is transferred to the machines by means of leather 
belts, as you may see in the accompanying diagrams. Be¬ 
cause of its greater power the turbine motor is now in more 
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general use than the other kinds. All large water-power plants 
are equipped with them. It is possible by their use to generate 
electricity, which, as has already been noted, may be carried 
many miles to the places where its power is needed. 

How forests safeguard water power. There is a close con¬ 
nection between the safeguarding of water power and the pro¬ 
tection of forests. This relationship is due chiefly to the nature 
of the soil in forests, The soil consists largely of fallen, decay¬ 
ing leaves and wood, held in place by the many entangled roots 
of trees. It is spongy to the touch. As most streams start far 
up on the heavily wooded sides of mountains, their sources and 



Fig. 290. Destruction of a forest 
An area completely denuded of vegetation by fumes from a smelter at 
Kennctt in the Sacramento River Canyon, Northern California. As a re¬ 
sult, most of the soil lias been washed away, while the streams are at times 
dogged with silt and gravel, and at other times flooded. (See also figure 
84, Page 173.) 

the banks for many miles from their sources are lined with 
thick growths of trees. These forests help to regulate the 
amount of water that flows in the stream. They prevent 
flooding in the spring and drying in the summer. The water 
from the heavy snows of winter and the heavy rainfalls of 
spring is absorbed by the spongy soil of the forest. It can pass 
only very slowly through this kind of soil. In places where 
forests have been destroyed, the forest soil is eventually washed 
away, since there are no longer any roots to hold it in place, 
and when this has happened, there is no way of holding the 
water back so as to avoid floods in the spring and drought in 
the summer- How do you explain the fact that cutting down 
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the forest at the source of a river may result in a blocked 
harbor hundreds of miles away.' 

Methods of protecting forests. Forests need protection moat 
against destruction by lire and by wasteful lumbering. 

Lookouts or forest wardens should be stationed on high 
points overlooking the forests for the purpose of warning the 
people in the nearest settlements of any suspicious appearance 
of smoke in the forest. Forest-fire lighters are often able to 
extinguish a fire in the early stages before it can do great 
damage. Campers should lie very careful to put out their 
fires before leaving them. It should be realized that a fire 
sometimes smoulders quite far beneath the surface when it 
apparently has been entirely extinguished. It is better to 
build a camp-fire on rocks rather than on the spongy soil, but 
if the fire is built on the soft soil, it is well to soak the ground 
with water thoroughly all around before leaving it. Loco¬ 
motives passing through forest regions should be required to 
burn oil instead of coal. This is done in some places, such as 
the Adirondack Mountains. How does this help to prevent 
forest fires? 

The forests are one of our greatest national resources and 
they should be protected against greed and ignorance. In the 
past there have been instances on record where selfish indi¬ 
viduals and corporations, after having received permission 
from the Government under false pretexts, have proceeded to 
cut down the forests in a wholesale manner. Their methods 
have resulted in the destruction of smaller trees as well as of 
the larger and older ones. Laws and strict enforcement of 
them are needed to protect the forests by requiring certain 
methods of lumbering. National and State Governments can 
provide for forest reservations where no lumbering shall be 
permitted except for public use. Steps of this kind have been 
taken in many places throughout the United States, but more 
activity of this sort is desirable. 
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REVIEW OUTLINE 

IMPORTANCE OF TRANSPORTATION IN EVERYDAY LIFE 

A, Transportation 

1. Land 

a. Animal power compared with steam and electric power 

2. Water 

a. Development of ships 

(1) Changes in models 

(2) Why substances float or Bink 

(a) Archimedes' principle 

(b) Specific gravity 

(3) The floating of iron slaps 

(4) Submarines 

3. Air ■ 

a. Airplanes used for transportation 

(1) Development due to World War 

(2) Mail planes 

(3) Airplanes becoming safer 

(4) Passenger airplanes 

(5) Airports 

b. Dirigible balloons used for transportation 

B. Steam engines and transportation 

1. The principle of a steam engine 

2. The first steam engine 

3. How a steam engine works 

4. The locomotive and its development 

5. Ocean transportation by steam 

6. Great routes of the world 

a. Water routes 

b. Land routes 

(1) Tunnels 

C. Gas engines and transportation 

1. Steam engines compared to gas engines 

2. How a gas engine works 

3. The automobile 

a. Principle parts 

b. Explanation of the " four-stroke cycle’ 

4. The Diesel engine 

5. Engines for aircraft 

D. Electricity and transportation 

1. Electric power 

2. Electric cars and locomotives 

3. Electric generator 
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o. Comparison with a motor 
b. Principle of the generator 

4. Power stations 

a. Importance 

b. Water power for generating electricity 

(1) Kinds of water wheels 

(2) IIow forests safeguard water power 

(a) Methods of protecting forests 


INDIVIDUAL PROJECTS 

Working projects: 

1. Explain and, if possible, demonstrate the working of certain parts 
of an automobile. 

The Automobile. J. S. Zcrbc. Cupplcs. 

2. Set up an electric motor and demonstrate how it works, 

Motors. J. S. Zerbc, Cupplcs. 

3. Make water wheels and demonstrate them. 

Harper's Machinery for Boys. J. II. Adams. Harper. 

Practical Things mill Simple Tools. M. Goldsmith. Sully. 

The Scientific American Boy. A. R. Ilond. Munn. 

4. Make a boat. 

The Outdoor Handy Book (pp. 146-212). D. C. Beard, Scribner. 

5. Make electrical toys. 

Home-Made Toys for Girls and Boys. A. N. Ilall. Lothrop. , 

6. Build a small steam turbine. 

Boys' Book of Science and Construction (pp. 238-40). A. P. Mor¬ 
gan. Lothrop. 

7. Experiments on the submarine. 

Boys' Own Book of Great Inventions (pp. 190-93). F, L, Darrow. 
Macmillan, 

8. Make model airplanes. 

Harpers' Aircraft Book (p. 33). A. II. Vcrrill. Harper. 

9. Make a model submarine. 

The Boys' Book of Submarines, V. D. Collins. Stokes. 

Reports: 

1. Submarines. 

Bays' Book of Inventions, R, S. Baker. Doubleday, 

Compton's Pictured Encyclopedia (vol. 8, p. 3375). Compton. 

The Romance of Modern Mechanism. A, Williams. Lippincott, 
Stories of Inventors (pp. 153-80). It. Doublcday. Doubleday. 
The Story of the Submarine. F. Bishop. Century. 

Submarines , their Mechanism and Operation. F. A. Talbot, 
Lippincott. 

Triumphs of Science (pp, 69-83). M, A. L. Lane, Ginn, 

2. Gas engines. 

Boys^JBook of Engine Building. A. F. Collins. Small, Maynard 

Chemistry of Common Things. Brownlee and others. Allyn, 

Gas, Gasoline and Oil Engines, G. D. Iliscox. Henley. 
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The Romance of Modem Mechanism, (pp. 112-29). A. W illiam 
J. B. Lippincott.. 

Ships and ship-building. 

A Book of the Sea. A. Williams. Nelson. 

The Book of the Sea. T. C. Bridges. Harrap. 

The Boys' Book of Shfys. C, E. Cartwright. Dutton. 

Boys’ Book of Steamships. J. R. Howden. Stokes. 

The Clipper Ship. H. Daniel. Dodd. 

Famous Seamen of America. H. H. Webster and E. M. Powera. 
Crowell. 

Fore and Aft. E. Keble Chatterton. Lippincott. 

From Carrack to Clipper. F. C. Bowen. Minton. 

How It Is Done. A. Williams. Nelson. 

The Origin of Inventions. 0 . T. Mason, Scribner. 

1 The Sailing Ship. R. and R. C. Anderson. McBride. 

Sailing Ships and Their Story. E, Keble Chatterton. Lippincott 
The Ship Book. Dukelow and Webster. Houghton. 

The Ship under Steam. C. G. Jackson. Scribner. 

Steamships and Their Story. R. A. Fletcher. Sidgwick. 

Story of Useful Inventions. S. E. Freeman. Century. 
Automobiles. 

The Automobile. J. S. Zerbe. Cupples. 

Automobile Handbook. J. E. Homans. Sully, 

Compton's Pictured Encyclopedia (vol. I, p. 277). Compton. 
Conquests of Invention. M. R. Parkman. Century. 

Stories of Inventors. R. Doubleday. Doubleday. 

, Steam engines and locomotives. 

Careers of Danger and Daring. C. Moffett. Century. 

Great Inventions and Discoveries (pp. 30-55). W. D. Piercy. 
Merrill. 

Railways for All. J. F. Gairns. Ward. 

The Romance of Modern Locomotion. A. Williams. Lippincott 
Travel by Air , Land, and Sea. H. H. Webster. Houghton. 
Wonders of Transport. C. Hall. Blackie. 

World's Railways. G. G. Jackson. McKay. 

, Water power. 

Compton's Pictured Encyclopedia (voi. 8, p. 3553 )- Compton. 
World Allas of Commercial Geology, Part II. U.S. Geological Survey. 

, Air transportation. 

Aeroplanes. J. S. Zerbe. Cupples. ■ 

The Airplane and its Engine. C. H. Chatfield and C. F. Taylor. 

McGraw. , _ _ ,, 

Boys’ Own Book of Great Inventions. F. L. Darrow. Macmillan. 
Compton's Pictured Encyclopedia (vol. i, p. 54). Compton. 
Harpers' Aircraft Book. A. H. Verrill. Harper. 

See also the list of books on pages 40, 41. 

. An electrically controlled ship. 

Boys' and Girls' Bookshelf, vol. vn. 

. Highway construction. 

Main Streets of the Nation. Bulletin 38, U.S. Bureau of Education, 
Washington, D.C. 



XXI 

LIFE—ITS ORIGIN AND BETTERMENT 

The changing life upon the earth. Have you ever thought 
what a great multitude of living things inhabit our world? 
You can hardly go anywhere without seeing some forms of life. 
Most living things are found on the surface of the ground or in 
the waters that cover such a large part of the earth. There are 
also creatures that spend a great deal of their lives in tlw air 
and others that live underground. Questions concerning the 
origin, development, and length of time these living things have 
existed upon the earth have perplexed scientists for centuries. 
Probably some of these questions will never be definitely an- 
swered. 

A study of the upper layers of rock which help to form the 
earth’s surface has shown the imprints and remains of plants 
and animals that lived in past ages. By means of such study 
scientists have determined, for example, that the horse was at 
one time an animal the size of a large dog; that ferns grew as 
large as trees; and that dragon-flies once had a spread of wings 
two feet long. It is probable that most plants and animals 
with which you are most familiar are quite different from what 
their ancestors were. 

Not only have living things changed, but some have entirely 
disappeared from the earth. Thus, there are no longer any 
reptiles with wings or great monsters that can browse from 
trees. Even within a comparatively few years buffaloes and 
wild pigeons have practically disappeared from North America. 
One of the most remarkable facts related to this changing life 
upon the earth is that man by making use of certain laws of 
nature is able to alter and improve forms of life. A great 
improvement has been brought about in the animals that are 
raised on the farm, as well as in plants that grow in the field 
and in the garden. 

In this chapter we shall learn a little about the origin of living 
things, and how we can safeguard both life and health. 
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THE PROBLEMS 

A. On the origin of life. 

1. What are the parts of a flower? 

2. To grow pollen tubes and examine them under 

the microscope. 

3. How does a fruit develop? 

B. On the struggle for existence. 

4. A field trip to observe cross-pollination and the 

struggle for existence. 

C. On improving living conditions. 

5. To destroy flits and mosquitoes. 

6. How can I improve my own environment? 


A. THE ORIGIN OF LIFE 


STAMENS- 


Prcbtem 1: What are 
the parts 0} a flower? 

(Pupils.) 

Directions: Take any 
large flower, such as 
the tulip in the spring p|$TIL.' 
and the gladiolus in 
the fall, for purposes 
of study. The parts 
of the flower are ar¬ 
ranged in circles on 
the end of the stem. 

By using the diagram, 
identify the sepals, 
petals, stamens, and 



■ANTHER 

FILAMENT 

-STIGMA 

■STYLE 


■OVARY 


PETALS 


SEPALS 


Drawings: Make a di- The parts of a flowe r 

agram 0 s 3 tamen is composed of the anther, and the 

number and relative m ™ nt> The part8 0 f the pistil are the stigma; 
position of the differ- th t le . anc ] the ovary. The circle of sepalsis 
ent parts of the flower called the calyx; the circle of petals is called the 
you are studying, corolla. 

Make separate draw- , ■ , , , v. 

ings of the stamen and the, pistil. In the former drawing, label the 
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filament, anther, ami pollen. In the tatter drawing, label stigma, style, 
and ovary. Cut open the ovary of one of the older flowers. What do 
you find inside? Draw and label. 

Problem a: To grow pollen lubes and examine them under tht 
microscope, (Pupils,) 

Directions: The teacher should make sugar solutions of about three, ten, 
and fifteen per cent. Shake some ripe pollen from different flowers, if 
possible, into these solutions. Place a drop from each of these solutions 
separately upon several slides and keep in a moist chamber for about 
twenty-four hours. Then examine under a microscope, Look for 
prolongations or root-like growtlis extending out from the pollen grains. 

Drawings: Draw some of the pollen grains with and without pollen 
tubes. 


Problem 3: How does a fruit develop? (Pupils.) 

Directions: Use apples or bean and pea [rods. Kind the part of the fruit 
that was attached to the parent plant. See if any parts of the sepals, 
stamens, stigma, and style are left. What do you notice about the 
positions of these part3 with reference to the fruit as a whole? What 
part of the flower does this indicate that the fruit itself has come from? 

If possible, examine old flowers to see the early development of the 
fruit. Compare the young fruit with the ripened fruit. Determine the 
position of the seeds. Are they attached to the fruit? For what pur¬ 
pose? 

All life conies from life. We have already found that one 
way of grouping objects in our world is to divide them into 
three classes: solids, liquids, and gases. Another way of 
classifying the objects around us is to group them as living and 
non-living things. The study of living things is called biology. 

One of the great questions that has interested biologists has 
been the origin of life. Before Pasteur performed certain ex¬ 
periments which proved that living tilings could originate only 
from other living things of the same kind, it was believed by 
many reputable scientists that some of the lower forms of life 
could spring into existence directly from foods. This was 
known as the theory of "spontaneous generation." Many 
learned men formerly believed in this theory because otherwise 
they could not explain the presence of certain growths in some 
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kinds of food. Pasteur showed that living things would not 
grow in food that had been sterilized and then kept from the 
outside air. He showed that the reason they start to grow 
upon foods is because the air contains very small, invisible 
spores or seed-like bodies — living organisms — which, when 
they fall upon exposed foods, start to grow and multiply very 
rapidly under favorable conditions. (See Chapter VIII.) In 
other words, he proved that cells can come only from cells. 

Methods of reproduction. Reference has already been made 
several times to one method of reproduction, the kind that is 
found in the lowest forms of plants and animals where the cell 
simply divides in two. This sort of reproduction not only 
occurs among the simplest living things, but it is in this manner 
also that the cells of the higher forms of life divide. Thus, the 
cells in the trunk of a tree by dividing and growing will result 
in the growth of the tree. This, however, does not result in 
producing a new tree. It only results in growth. If a new 
tree is to be produced a different process must take place. 
What is true of a tree is likewise true of a baby or any other 
living thing composed of a great number of cells.’ 

Just as it is true that among the lowest forms of plants and 
animals their methods of reproduction are similar, it is also 
true that among the higher forms of living things, whether 
plants or animals, the fundamental steps in this process are 
alike. 

Seeds and eggs. What do you suppose a seed must contain 
in order that a young plant may come from it? Naturally one 
would say a baby plant, and this is true. Along with the baby 
plant there is a food supply to help the plant grow. Eggs in 
the animal kingdom correspond to seeds in the plant kingdom. 
Insects, frogs, toads, snakes, fishes, birds, and all the higher 
forms of life come from eggs. 

Let us inquire a little more deeply into the origin of living 
things and find out as exactly as possible how seeds come into 
existence. This will involve the study of flowers, their parts, 
and how they work together. 

A baby plant in the making. Seeds come from flowers, 
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After the flower withers and some of its parts fall off, there 
ordinarily remains a certain part which grows into the fruit, 
The fruit contains the seeds. When the word fruit is men¬ 
tioned, most of us probably think of such things as apples, 
pears, and peaches. It may surprise you to know that a 
string-bean and a tomato are also fruits. All fruits are formed 
in the central parts of flowers. At first they are very small, but 
after continuing to receive nourishment from the parent plant 
for an extended period of lime, they develop a succulent part 
which is of nutrient value. 

The parts of a flower and their work. Most people are 
attracted by the beauty of flowers. We know that they take 
many different sizes, colors, and shapes. In spite of the fact 
that there are so many different kinds of flowers, it is neverthe¬ 
less true that all perfect flowers are alike in having the same 
kinds of parts. If we learn about the structure of a typical 
flower, we shall at the same time obtain information about all 
kinds of flowers. 

(1) Petals and sepals. If you examine most flowers, you will 
find that there are showy, prettily colored portions and that 
around these parts there are smaller, green structures which 
look something like leaves. The gayly c< ilored parts are called 
petals and the green parts arc the sepals. None of these 
structures is actively engaged in helping to make seeds, al¬ 
though in many cases no seeds would be formed without the 
petals, since they attract to the flowers insects which, as will 
be explained later, are sometimes necessary for the production 
of seeds. The sepals protect the flower, especially when young 
or in the bud, 

(2) The pistil. The parts of the flower that are actively 
engaged in making seeds, that is, in forming baby plants, are 
enclosed by the petals. If the flower is a perfect one, that is, 
if it has all the parts — as most flowers have — there can be 
found in the center a structure called a pistil. This is usually 
shaped something like a vase or an Indian club, The lower, 
swollen portion, called the ovary, is where the seeds under 
proper conditions will develop. In very young flowers the 
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ovaries contain microscopic structures, called egg cells, from 
which the baby plants come, but egg cells by themselves cannot 
develop into plants. They need help to do this. There is 
another part of the flower which we have not yet studied, which 
cooperates with them. 

(3) The stamens. Encircling the pistil there are usually sev¬ 
eral upright structures. These are the stamens, the swollen 
ends of which when ripe contain a powdery substance which 
is the pollen. The swollen ends are called anthers. The work 
of the stamens is to make pollen grains, just as the main work 
of the pistil is to produce egg cells. 

How a part of the pollen grain reaches the egg cell, In order 
that an egg cell may develop into a baby plant it is necessary 
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pollen tube or projection grows down from the stigma thm™* 
the „yt,. a. the eecl .at the pistil it called, until Xh ™ w 
part of the pistil where the egg cells are located. UsiSlv 
many pollen tubes are growing down into the ovarv it th! 
same tame. The first ones to reach the egg cells discharge 

of their contents into them. A union 
of parts thus accomplishes the most 
essential step in this whole process 
This uniting process is called fertiliz¬ 
ation. One pollen tube is necessary 
to fertilize one egg cell. 

Development of the fertilized egg, 
The egg after it has received part ol 
the pollen grain known as the sperm 
_ Mwc/etfj, soon becomes active and by 

Fig. 293. Fertilization a " d dividing into many cells 

in a pistil “ eventually makes a baby plant. At 

The pollen grain sends ^‘ s s *age it must receive nourishment 

:a hasrs fr r the ^ ^ if it is ZZ 

celL velop properly. It is therefore attached 

iq)itnpn+ c* r t r° die P aren t plant to receive this nour- 

ishment. Some of the food which is being made in the leaves 
is transported to the young plants in the developing seeds. 
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(3) The pollen grain must germinate and send out a prolonga¬ 
tion containing the pollen germ cell. This makes its way 
down the style and into the ovary, eventually reaching the egg 
cell, and a union of cells takes place. This process is known as 
fertilization. (4) As a result of fertilization, the egg cell begins 
to divide into a great number of cells. Finally, provided it 
continues to receive nourishment from the parent plant, it 
grows into a baby plant. 

Reproduction in higher forms of animals. The reproduction 
of all the higher forms of both plants and animal. ; has strikingly 
similar points to the process just described. That is to say, 
when a new living being is to be produced it is necessary for 
two cells to unite. The fertilized egg then begins to develop 
and under favorable conditions eventually forms a new plant 
or animal, as the case may be. Thus, in the reproduction of 
many kinds of fishes, the female lays the eggs in shallow water. 
The male fish deposits a substance, called milt, over them. 
Milt consists of cells which correspond to the pollen grain cells 
in flowers. These cells, called spermatozoa, move toward and 
unite with the egg cells, causing their fertilization. The egg 
cell then begins to develop into a baby fish. 


>• 

B. THE STRUGGLE FOR EXISTENCE 

Problem 4 : Afield trip to observe ( 1) cross-pollination and {2) the 
struggle for existence. ( Class or pupils.) 

Directions: 

Part 1: Cross-pollination. 

If possible, visit an apple orchard during apple-blossom time. Can 
you see the bees flying about from one blossom to another? What are 
they after? Incidentally what are they doing that is of use to us and 
to the plant world as well? 

If you cannot visit an apple orchard, go out into the fields and observe 
the actions of the insects, especially bees and butterflies. Try to follow 
a bee as it goes from flower to flower. Notice whether different kinds of 
flowers are visited or whether flowers of only one kind are sought for. 
See if you can find any flower that is peculiarly fitted or adapted by its 
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Part 2: The struggle for existence. 

Can you observe any facte relating to the habits and manner of living 
of the animals and plants of the field, pond, or woods that would indi¬ 
cate on the one hand that they have enemies and on the other hand 
that they, themselves, prey upon other living things? Consider espe¬ 
cially the insects, spiders, water animals, field mice, and birds. Of 
what advantage is it for the spider to spin its web, insects and fish to 
lay great numbers of eggs, field mice to live under ground, birds to build 
nests in trees or shrubs, and little fish to stay in shallow water? 

Regarding the trees and other plants of the woods and fields, what 
facts can you observe that would seem to indicate a struggle for exist¬ 
ence? What fads can you readily observe regarding the effects of the 
struggle for existence, especially with reference to the appearance of 
trees in the woods in comparison with the appearance of the same kind 
of trees in open places? How do you explain these facts? 

Pollination in plants, Returning to the subject of seed 
formation, we notice that the falling of the pollen upon the 
stigma is called pollination. Possibly you have been wondering 
how the pollen grains pass from the anthers of the stamens to 
the stigmas of the pistils. It is true that although usually 
enough pollen grains fall upon the stigmas to fertilize all the 
egg cells, many pollen grains never reach their destination. 
This is due to the fact that it is often necessary for the pollen 
to be carried from a considerable distance before it reaches the 
stigmas, You will understand this better when you realize 
the following conditions: (x) Some plants have flowers which 
have no stamens and other plants have flowers with no pistils 
(2) In some plants the pollen grains and pistils ripen at different 
times so that when the stigmas are ready to receive pollen, 
either the pollen grains of that particular flower have dis¬ 
appeared or else they are not ripe. In either event the pollen 
grains must be brought from another flower. (3) Again, there 
are some flowers in which the egg cells and pollen grains are 
not able to unite although ripening at the same time. In such 
cases also there is need for the pollen to come from other 
flowers. Even in those flowers where the pollen grains may 
fertilize the egg cells of the same flower, much of the pollen 
is usually blown away and eventually falls to the ground where, 
of course, it is of no use. 
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From these facts it can readily be seen •+ • 
for the flowers of most plants to make m 13 neces sary 

than egg cells, in 

assured. It is not unusual for plantl to rJd *** f ertlllzation 
pollen grains to every egg cell Thus if ? ^ thousands of 
pine woods at the ttaXflow2 Tm*' g ° :into 
trees, you could see that as the wind shonWif UP ° n the pine 
pollen dust was blown off, the air would actually^** 8 
with the great numbers of pollen graks beC0me / e11 ^ 
a few of these ever reach the places wW +t, mparatlvel y only 
the work for which they were made ** ““ accomp1 ^ 

From facts already given it can readily be seen tw n 
grains may (i) fall upon the stigma of fhl a that poilen 

f-Wi«. «c«d. «* 

How cross-pollination is accomplished. There are 
common methods by which.cross-pollination is accomplished- 
(i) The wind may carry the pollen. ( 2 ) Insects may act as 
the carriers Many insects are peculiarly adapted or fittS to 
transfer pollen from flower to flower. The bee is an «t 5 
this kind Without the work of bees, we should have ner 
apples, the cross-pollination of apple-blossoms largely depend- 
ing upon these insects. Bees also cross-polIinate mLy other 
kinds of flowers Insects visit flowers to obtain the sweet juice 
or nectar which the flowers hold. To obtain this juice the 

Wh p C n S +b 1USt r D Ub agabst the anthers and stigmas. 

en they visit another flower some of the pollen which they 

obtained from the anthers is rubbed off upon the stigmas 
In this manner cross-pollination occurs. 

Artificial cross-pollination. By the term artificial cross- 
polhnation is meant the transference of pollen from one flower 
o another by man. A camel’s-hair brush is often used. The 
flow.er that is to receive the pollen is stripped of its own stamens, 
efore the stigmas are ripe. It is then covered with a bag so as 
to prevent any pollen from outside falling upon the stigma, 
At the time the stigma is ripe pollen grains from other selected 



586 The Work of the World 

flowers are placed upon it. By this means Luther Burbank 
and others have been able to produce new varieties of plants 
and to improve old ones. The principle involved is not difficult 
to understand, when you have learned about the nature ol 
pollen grains and egg cells. 

Survival of the fittest. No one can study the conditions 
existing in a natural forest or in a field without being im¬ 
pressed with the keen struggle for existence that is going on 
among the living things in it. Most of the seeds which are 
produced never have the opportunity of germinating, and of 
those that do germinate the majority are killed off before they 
become mature or full-grown. Only a very small percentage 
of them ever reach a condition where they themselves are able 
to produce seeds. A similar condition is true among animals. 
Certain varieties of fish lay millions of eggs, but only compara¬ 
tively few ever develop into adult fish. Many of the eggs are 
eaten by other fish before they hatch or after hatching the 
young fish are devoured in great numbers by larger fish. 

Even among men there is a great struggle for existence. The 
majority of people are not what could be called successful in¬ 
dividuals. Great numbers of babies die because of lack of 
proper care, and many lives are lost through sicknesses that 
result from this struggle for existence. There is a tendency 
for the stronger ones to survive. 

How species have changed. On page 576 reference has 
been made to the fact that in the course of ages plants and 
animals have changed in form and size, and that we have 
learned this from the records left in the rock layers which were 
once soil, mud, river bank, or beach sand. Scientists who 
have studied these records have learned, for example, that 
millions of years ago the horse was a small animal about twelve 
inches high. He had webbed feet for swimming because his 
home was among the rushes that grew along the banks of riv¬ 
ers. As time went on, horses took up homes in the uplands, 
where the ground was hard. They grew larger and stronger 
and their feet became solid hoofs. Charles Darwin, who lived 
about a hundred years ago, was one of the first men to study 
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this sort of change in our animals. He made a five years’ tour 
of the world and studied animal and plant life everywhere. 
Some of the books that he wrote have guided Luther Burbank 
and the other scientists of our own day who have worked to 
improve not only such plants as the potato, but the animals 
that help us in our work or from which we get meat and millr 
for food and hair or wool for cloth. 

The meaning of heredity. You know that both plants and 
animals can produce other living things of a kind similar to 
themselves. The continuance from generation to generation of 
similar traits is known as heredity. Thus, one kind of flower 
can produce seeds that have the power of developing into only 
one kind of plant — a plant similar to that of which the flowers 
formed a part. Further, it has been found that the reason for 
this fact is that the egg cell and the pollen grain cell have 
within them certain structures which carry the traits or char¬ 
acteristics from parent to offspring. The same general facts 
are true among animals. All the higher forms of animals have 
come into existence as a result of the union of two cells, one 
from each parent. These cells, as in the case of the pollen and 
egg cells of plants, carry the materials in them which determine 
the kind of offspring that is to be formed. 

The meaning of variation. From what has been said so far 
it might be supposed that living beings would be exactly like 
their parents. If this were the case, the children in any 
family would all be the same. We know that this is not true. 
They may differ very markedly from each other. In fact it 
is impossible to find any two individuals that are just alike. 
The same fact is true of other living things. This difference , 
existing between living things is called variation. Sometimes ■ 
this difference is unusually great. About 1800, a Massachu- 1 
setts farmer noticed among his sheep a ram with body longer 
and legs shorter than usual. Its offspring had the same 
peculiarity. Because it could not jump fences, farmers raised 
them for a number of years. The navel orange and the Bur¬ 
bank potato are examples of unusual variation which have 
been preserved because of, their value. • Can you find some 
other examples? 
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with tissue and cushioned with liquids. It is divided into 
three parts, the cerebrum, the cerebellum, and the medulla . The 
higher thinking processes take place in the cerebrum which 
fills the upper and frontal part of the skull. Behind and below 
the cerebrum lies the cerebellum in which are the nerve centers 
which harmonize the movements of the body. The third part, 
the medulla, lies below the cerebellum. It is a knob-like bundle 
of nerve centers and fibers which connect the brain and a cord 
which passes into the spine and iB known as the spinal cord. 
In the medulla are nerve centers which control breathing, the 
beating of the heart, swallowing, and other actions. An injury 
to it is usually immediately fatal. The cerebrum and cere¬ 
bellum are divided into a left and right half by a deep crease. 
Curiously enough, the left half of the brain controls the right 
side of the body while the right half controls the left side of the 
body. 

Every part of the body is connected to the brain by nerve 
fibers which pass from the organs into the spinal cord through 
spaces between the vertebra (the bones of which the spine is 
made) and from there to the brain. The thinking processes go 
on in the cortex. This is a gray layer of nerve centers covering 
the interior white part of the brain, This white part is largely 
a mass of connecting nerve fibers. The nerve centers of the 
cortex are connected with somewhat .similar but smaller nerve 
centers in the spinal cord. These nerve centers in the spinal 
cord help to make it possible for us to do many things at once 
without giving our attention to them. l f or instance, you can, 
while carrying a book under your arm, walk along the street 
talking with a companion, and avoiding collisions with people 
going in the opposite direction. While doing this, your atten¬ 
tion is given to thinking about what your companion is saying 
or what you will say to him. 

Reflex actions. If an object is quickly brought toward your 
eye, you wink. If an automobile horn sounds behind you, 
you jump. You do this without having made any decision 
to do so. These actions are called reflex actions . They are 
largely controlled by nerve centers in the spinal cord. The 
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mechanism which makes these reflex movements possible is 
extremely valuable to us. Without it we should have to give 
attention to every action we take. The time lost in doing this 
might be enough to prevent escape from danger. Therefore 
reflex movements are of great help in the struggle for existence. 

Habit. Habits are of great importance to us. They free our 
minds from many petty details, making it possible for us to 
give our attention to more important matters. The mechan¬ 
ism which makes habits possible is not fully understood, but 
the basis of it is the fact that when any action is performed, 
certain nerve connections are made. These nave connections 
are more easily made when the action is performed a second 
time. Each time it is done, the nerve connections are more 
easily and quickly made. Finally we need not give much 
attention to it. It is to form habits that football practice or 
military drill is held. In learning to drive a car, we have to 
give less and less attention to deciding what to do with our 
hands and feet, since we are forming habits of doing certain 
things under certain conditions. What habits of study, of 
attention, of work, and of play is it well to form? 


C. IMPROVING LIVING CONDITIONS 
problem g: To destroy flies and mosquitoes. (Home.) 

Directions; 

Part I: Getting rid of mosquitoes. 

If there are any mosquitoes in your neighborhood, look for their 
breeding-places. Mosquitoes are apt to breed wherever there is stand¬ 
ing water, such as may be found in stagnant pools, barrels, tin cans, or 
other small receptacles. Remove such breeding-places. If there are 
large bodies of standing water, pouring oil over the surface will destroy 
any young mosquitoes that may be in the water. Draining swamps is 
even a better method, 

Part 2: Getting rid of flies. , , . , ,. 

If there are any flies in you r neighborhood, try to find their breeding- 
places and have them removed or properly screened or otherwise pro¬ 
tected against the possibility of flies laying their eggsthere^ I y 
live in a city, uncovered manure piles should be rep°rted to the au 
thorities. If you live in the country, you can see to it that manure 
piles are covered and that garbage is either buried or urne 
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Problem 6: How can I improve my own environment? (Pupils,) 

Directions: The problem may be divided into four parts: (1) my personal 
or immediate surroundings; (a) my home life; (3) my school life; (4) my 
community life, This problem need not be reported upon in class but 
should be given careful attention. It is meant to deal with the factors 
in my environment which I am able, to a considerable extent at least, 
to control. 

(t) My personal or immediate surroundings: Do I keep my mouth, 
teeth, skin, and clothing clean? Am I careful almutiny personal habita 
regarding eating, drinking, and attending to other needs? 

(2) My home life: What am I doing to help make my home a pleasant 
and healthful place in which to live? Can I help to keep it clean, 
properly warmed, ventilated, and otherwise in good condition? Am I 
doing my share toward these ends? 

(3) My school life: Am I helping to make my school environment 
pleasant and healthful? If so, how? 

(4) My community life: Are there any objectionable things in my 
neighborhood, such as flies, mosquitoes, dirty places, etc.? If so, what 
can I do to remedy these conditions? What is the condition of the 
streets, trees, and stores in my vicinity? Have I ever written to the 
Board of Health or other authorities that might have some means of 
remedying dangerous or undesirable conditions? 

Conclusion: What conclusions can I justifiably make regarding the 
following points: (1) Is my environment perfect, excellent, or bad? 
(2) Can I do anything to improve it? (3) Am I doing very much, a 
fair amount, or only a little to make it better? (4) Is it worth while 
to make the effort to do more? (5) Shall I make this effort and begin 
(it once? 

Recent improvement. When we compare the conditions in 
the home and community under which we live to-day with the 
conditions existing in the time of our great-grandparents, it can 
readily be seen that great advances have been made. Health 
Ib safeguarded much more thoroughly now than it was fifty or 
one hundred years ago. We have studied how, for example, 
water- and food-supplies are protected and how wastes are dis¬ 
posed of so as not to spread disease. Great strides have been 
made in these lines during recent years. The one great factor 
which has made this advance possible has been the rise of the 
science of bacteriology. This subject has opened a new field of 
knowledge concerning the cause and manner of spreading of 
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some of the most common diseases. As a result it has been 
possible to fight them more effectively. 

Preventive medicine. Bacteriology has made possible pre¬ 
ventive medicine , a term that is applied to treatment used to 
prevent disease, rather than curing it. The old saying, “An 
ounce of prevention is worth a pound of cure," has no better 
application than to disease. The use of diphtheria antitoxin 
is one example where preventive medicine is employed. (See 
page 73.) Other well-known examples where preventive meas¬ 
ures are employed to avoid the contraction of disease are 
vaccination against smallpox and inoculation against-typhoid 


fever. 

Vaccination against smallpox. In the early part of the nine¬ 
teenth century Jenner, an English physician, first extensively 
used against smallpox the method of vaccination that is now 
almost universally employed. At the time this treatment was 
first used the principle underlying its operation was not under¬ 
stood. It was more than half a century later that Pasteur 
demonstrated that it is possible to prevent the occurrence of 
some diseases by actually putting into the body the weakened 
bacteria or other agents capable of producing a mild form of 
the disease. The placing in the body of these organisms either 
alive or dead is called inoculation. The most common method 
is to inject them under the skin. In the case of smallpox the 
organisms injected are known as cowpox germs. They are 
related to the organism producing smallpox, probably a weak¬ 
ened form, which are capable of doing practically no harm to 
the human body. Yet they are capable of so affecting the body 
that it develops the power not only of fighting against the cow- 
pox germs, but also of successfully combating smallpox organ¬ 
isms if any should happen to gain an entrance. 

There is nothing more striking in the history of science than 
the effects of vaccination. Wherever it has been umversa ly 
introduced, there smallpox has been almost, if not completely, 
wiped out. Before the custom of vaccination became preva¬ 
lent, nine people out of every ten who reached the age of thuty 
were pock-marked - that is, they had been disfigured by the 
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disease — and about one person out of every ten died from it, 
In many places where the practice of vaccination has been 
temporarily abandoned, the disease has again shown itself. It 
would seem, therefore, that the only reason that smallpox is 
not prevalent to-day is because the practice of vaccination 
holds it in check. 

Inoculation against typhoid fever. The preventive treat¬ 
ment for typhoid fever that is so extensively used consists of 
injecting a certain quantity of dead typhoid bacilli under the 
skin. Along with these bacteria there is a quantity of the 
poison which they produce and which causes the disease. Not 
enough of this is injected, however, to do any serious harm, 
but a sufficient amount to cause the body to make antibodies 
which will be present to prevent the contraction of typhoid 
fever should the live bacteria gain access to the body. The 
vaccination against typhoid fever usually lasts about a year, 
while the vaccination against smallpox is a protection usually 
for seven years or even longer. 

Destroying flies. Flies are one of the means of spreading 

disease. They visit filthy 
places and then are apt 
to walk over our food 
and leave a trail of bac¬ 
teria wherever they go. 
(See page 130.) The 
best way to destroy flies 
is to give them no place 
in which to breed. They 
breed in filth or on de¬ 
caying food. The fe¬ 
male lays about two 
hundred eggs. These 
hatch in a few days into 
larva.*, called maggots. 
In a few days the mag¬ 
gots go into a resting 
stage and shortly emerge into adults, the whole process from 



Fig. 296. Stages in the life-history 
of a fly 
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egg to adult taking about ten days. Two favorite breeding 
places for flies are manure and garbage piles. Manure should 
be kept covered and garbage should be disposed of promptly 
by burning or burying. If you live in the city where garbage 
is collected, be sure to keep the cans covered. What is done 
with the collected garbage in your city? As will be remem¬ 
bered, flies are especially apt to spread typhoid fever; in fact, 
the common house-fly is often called the typhoid fly. 

Destroying mosquitoes. Mosquitoes are the means of 
spreading two diseases, malaria and yellow fever. Malaria is 
spread by the female of a certain variety of mosquito, called 
the anopheles, Yellow fever is spread by 'another kind of 
mosquito, once called the stegomyia, now known aB the Mies, 
These two diseases are spread in very much the same manner. 
Therefore, in learning about one of them, we shall obtain the 
essential features regarding the other also. 



Fig. 297. Stages in the development of the mosquito 


Previous to 1900 there were two ideas about the way in 
which yellow fever was spread, Some authorities thought it 
was spread by mosquitoes, but most people 'thought it was 
spread by coming into contact either with the sick person or 
with the clothing or bedclothes used by yellow-fever patients. 
Under the direction of Dr. Walter Reed experiments were con¬ 
ducted which demonstrated that it is never spread in the latter 
way, but always by the bite of an Aides mosquito which 
had previously bitten a person ill with this disease. In e 
course of these investigations, a United States army surgeon, 
Dr. Jesse Lazear, permitted .one of these mosquitoes to bi e 
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him. He became ill with yellow fever and died. As a result of 
this and certain other experiments it was discovered that the 
disease is spread only in the following manner; (1) The mos¬ 
quito is never hatched with the germ of the disease in its body 
and never gets it in any other way than by sucking the blood 
of a yellow-fever patient. (2) After the mosquito gets the 
germ into its own body, it is able in a little less than two weeks 
to inject some of the germs into a healthy person. 

All that is necessary to abolish yellow fever is to destroy 
mosquitoes. By spraying oil over the swamps or water where 
they breed, it is possible to destroy the mosquito lame, or 
wigglers. The dll forms a film over the Burface of the water, 
and when the wigglers try to obtain air by coming to the 
surface they are unable to do so, and are, therefore, suffocated. 
Another way of destroying mosquitoes is to put into the water 
fish which eat the lame. An even more efficacious way of 
destroying mosquitoes is to deprive them entirely of their 
breeding places by draining or filling in swamps and by not 
allowing any standing water to remain in the vicinity. Never 
allow water to stand in open bottles, cans, or jars out-of-doors. 
One can of water in which mosquitoes are breeding may cause 
them to infest a whole neighborhood. 

The mosquitoes which spread malaria breed in a similar 
manner to those causing yellow fever. Malaria, like yellow 
fever, can be spread only by the bite of a mosquito. The 
malarial mosquito, like the Aides, iB never hatched with 
the disease and does not get the germ in swamps or damp 
places but must obtain it, if it gets it at all, from a person ill 
with malaria. -It was formerly thought that this disease was 
spread by damp air, since it was very prevalent around marshy 
places. In order to investigate this point, some physician's 
went to live for a season in a malaria-infested district in the 
marshes around Rome, Italy, where the air is very damp and 
where malarial mosquitoes are also very numerous. These in¬ 
vestigators screened themselves in, only going out during the 
day when it was safe to go abroad, since the anopheles mos¬ 
quitoes do not fly in the daylight. These physicians, although 
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being in the midst of the swamp, where many people were sick 
with malaria, and breathing the moist night air, did not con¬ 
tract the disease. This was very good evidence that the damp 
night air could not cause the disease. Some years later the 
organism which causes the disease was discovered in the blood 
of patients as well as in the bodies of mosquitoes. 

Insect foes and bird friends. Mosquitoes and flies are our 
enemies because they carry disease. A great many other in¬ 
sects may be considered enemies because of their destruction of 
crop 6 , trees, and gardens. For example, the Mediterranean 
fruit-fly has recently caused great damage in our Southern 
States; and in all sections of the country fruits and vegetables 
are frequently ruined by such insects as the San Jos 6 scale, 
the corn-borer, and others. Scientists are constantly searching 
for means of fighting these pests, 

Among the most helpful friends to man in fighting insects 
are the birds. They also help the farmer by eating the seeds 
and fruit of weeds. Even the hummingbird does hie bit, for 
he aids in the cross-fertilization of plants, and he will eat 
hundreds of small insects at a meal. Birds aid in spreading 
plant life, helping to cover again with vegetation regions which 
have been laid waste by fire or flood. 'They do this by dropping 
the Indigestible seeds of fruit or berries which they have 
eaten, and by carrying the seeds of plants in mud that may 
cling to their feet. Darwin once raised over eighty plants 
from one ball of mud taken from a partridge’s foot. 

Some birds, especially owls and hawks, eat great quantities 
of small animals such as field mice which would otherwise 
seriously interfere with agriculture. Others, like crows, vul¬ 
tures, and gulls, are excellent scavengers. Sea gulls, i°r ex¬ 
ample, keep our harbors and beaches clean of matter which 
would soon become offensive. Can you report interesting 
facts about other birds? While it is true that a few birds an? 
destructive, the vast majority should be protected and en¬ 
couraged to nest near our homes. _ , 

Eight useful birds. The plate opposite page 590 ™ 
right of the most valuable birds in the United States, H 
many of them do you know? 
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The rose-breasted grosbeak is one of our most beautiful 
birds, and one of the loveliest songsters. It sings even at 
midday during the heat of the summer, when most birds are 
silent. In summer we may see it all through the Northern 
States, but in winter it flies south to Mexico and South Amer¬ 
ica. This bird is so fond of the Colorado potato beetle that 
it has earned the name “potato-bug bird.” It also attacks 
cucumber beetles and many of the scale insects. Among other 
pests it consumes are Rocky Mountain locusts, eankerworms, 
tent caterpillars, tussock, gypsy, and brown-tail moths, plum 
curculios, army worms, and chinch bugs. In fact, not one of 
our birds has a better record. 

Bob-white, as this quail is known, on account of its clear 
whistle which sounds like some one calling “Hob White,” is 
known and loved all through the eastern part of the country. 
Bob-white eats weed seeds, grain, and wild fruits, but about 
fifteen per cent of its food consists of insects, most of which are 
enemies of the farmer. It feeds freely upon potato bugs and 
chinch bugs; it devours also cucumber beetles, wireworms, bill- 
bugs, clover-leaf weevils, cotton-boll weevils, cutworms, and 
Rocky Mountain locusts, 

Meadowlarks are found all over the United States, even in 
winter in the South. In many localities the meadowlark is 
classed and shot as a game bird. This is a mistake, since its 
value as an insect eater is great. Twenty-five per cent of the 
diet of the meadowlark is beetles. Another 11 per cent is 
caterpillars, including cutworms and army worms. Besides 
these, meadowlarks are very fond of grasshoppers. 

The friendly little chipping sparrow, which builds its nest in 
your garden or orchard, is common all over the United States. 
Yott may decide how valuable this tiny bird is when you hear 
about one family, consisting of mother and father birds and 
four young birds. Each little bird was fed more than four 
times an hour. This meant that this one brood ate at least 
238 insects a day, including beetles, ants, wasps, and cater¬ 
pillars. 

There are few more useful birds than the chickadees. You 
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may encourage them to visit your home by keeping a constant 
supply of suet for them, for they are very fond of this. But 
besides, they eat a large number of harmful insects—moths, 
caterpillars, beetles, ants, wasps, grasshoppers, and spiders. 
They are common in all parts of the United States except a 
portion of the South. 

The yellow-billed cuckoo as well as his cousin the black-billed 
cuckoo are useful birds. They have a strange preference for 
hairy caterpillars as food. One stomach that was examined 
contained 250 tent caterpillars. Cuckoos breed generally 
throughout the United States, and winter in South America. 

The downy woodpecker, although it is the smallest of all the 
woodpeckers, is one of the best allies of the farmer, and in fact 
of all who care to preserve our trees, for he finds most of his 
food under the bark of either dead or living trees. The boring 
insects, which are especially hard to combat, are his favorite 
food. Woodpeckers live both winter and summer in the United 
States, and as far north as Atoka. 

The last of this group of eight helpful birds is the oriole. The 
bird shown in the picture is Bullock's oriole, which lives in the 
West. In the East the most common oriole is the Baltimore 
oriole. The two birds are similar in song, nesting habits, and 
food. Their diet is made up largely of insects that infest 
orchards and gardens. When fruit trees are in bloom they are 
constantly busy among the blossoms, and save much of the 
fruit from destruction. 1 

Improving your own environment. Probably the greatest 
thing that your study of science can do for you is to help make 
it possible for you to improve your own environment and that 
of the people around you. Look for some of the ways in which 
your environment can be improved and then work for these 
improvements. If you do this, there will be a better chance 
not only for you, yourself, to be healthier and happier, but 
also for you to help make the world better for other people. 


> The facta used In the descriptions of these birds are, by PermWon, taken from the Boh 
, letlnsij of the Biological Survey, U.S, Department of Agriculture. 
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The Work of the World 
REVIEW OUTLINE 

THE CHANGING LIFE UPON THE EARTH 

A. The origin of like 

1. All life conies from life 

2. Methods of reproduction 

a. Cell division 

b, Seeds and eggs 

3. The development of a seed 

а. Parts of a flower and their work 

(1) Petals 

(2) Sepals 

(3) P«til 

(4) Stamens 

б. Pollination 

‘ c. Fertilization 

(1) How a part of the pollen grain reaches the egg cell 
, d. Devefopment of the fertilized egg 

4. Reproduction in higher forms of animals 

B. The struggle for existence 

1. Pollination in plants 

a. Self-pollination 

b. Cross-pollination 

(1) Artificial cross-pollination 

2. Survival of the fittest 

3. The origin of species 

4. The meaning of heredity 

5. The meaning of variation 

6. The meaning of selection 

a. Natural selection 

b. Artificial selection 

' 7. Why man Is superior to other animals 
a. The brain 

(1) Reflex actions 

(2) Habit 

C. Improving living conditions 

1. Recent improvement due to bacteriology 

2. Preventive medicine 

a. Vaccination against smallpox 

b. Inoculation against typhoid fever 

3. Destroying flies 

4. Destroying mosquitoes 

5. Insect foes and bird friends 

6. Improving your own environment 
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INDIVIDUAL PROJECTS 

Working projects: 

1. Make and use a fly-trap. 

Directions for miking a home-made fly-trap. International Harvester 
Co., Chicago. 

2. Make and label a collection of wild flowers. 

3. Make and arrange a collection of seeds of economic importance. 

4. Make a collection of seeds to show methods of dispersal. 

5. Make a study of how trees adapt themselves to different situa¬ 
tions, Illustrate with drawings. 

6. Study the life history of weeds common in your locality. Report 
on best methods of control. 

7. Collect toad eggs and observe how they develop. 

Nature Study and Life (pp. 279-84). C, F. Hodge, Ginn. 

8. Help to keep the streets and parks clean. 

Community Hygiene (pp. 20-25, r 95 > 326). Woods Hutchinson. - 
Houghton. 


Reports: 

X, Men who have given us better plants. 

Find out the story of the spineless cactus or the potato improved 
"by Luther Burbank. Write to the Bureau-of Plant Industry, 
Washington, to find out what the Government does to improve 
plants. 

Civic Biology. G. W. Hunter. American. 

How Plants are Trained to Work for Man. Luther Burbank. 
Collier. 

New Creations in Plant Life. W, S. Harwood. Macmillan. 

2 . Preventing disease. 

How to Live. Fisher and Fisk. Funk. 

The Human Mechanism. Hough and Sedgwick. Ginn. 

The New Handbook of Health. Woods Hutchinson. Houghton. 
Pamphlets. Metropolitan Life Insurance Co. 

Primer of Hygiene. J. W. Ritchie. World. 

Primer of Sanitation. J. W. Ritchie. World. 

Sanitation in Daily Life, E. H, Richards. Whitcomb. 

Town and City. F. G. Jewett. Ginn, 

3 ’ Farmers' Bulletins 459 and 851. U. S, Department Of Agrkultufe 
Community Hygiene (pp. 78, 280, 327). Woods Hutchinson 

ThlworldBook (vol. 4, p. 2231). Edited by M.V. O’Shea. Quarrie, 

4. The story of the mosquito, 

The World Book (vol. 7, p. 3965 )- n w . „ 

Walter Reed and Yellow Fever. H. A. Kelly. Norman. 

s. Insect foes of a garden, and how to combat them. 

This project should be chosen by boys or girls whohavegarden* 
of their own. Several pupils may share in the work. Each y 
select one or two of the most troublesome insects m his am ‘garden, 
exhibit specimens, explain the life history, and teU his own expen. 
encs and that of other people in fighting the pests.. 
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6. Birds that help in food production. 

Study books on the subject, show piclurcs of the birds, and 
describe how they may be attracted. Several pupils may work to¬ 
gether ou this project, as in no. 5. 

BOOKS THAT WILL HELP YOU 

Insect books: 

Cutworms. United States Department of Agriculture, Farmers’ Bulle¬ 
tin 31. 

Farm Friends and Farm Foes. C. M. Weed. Heath. 

Insect Book. L. 0 . Howard. Doulilcduy. 

Insects Injurious to the Household. G. W. Herrick. Macmillan, 

Life Histories oJ American Insects. C. M. Weed. Macmillan. 

Owr Insect Friends and Enemies. J. H. Smith. Lippincott, 

Bird books: 

Bird Life, F. M. Chapman. Appleton. 

Bird Neighbors, N. Blaiiriian, Doubleday. 

Birds of Village and Field. F. I. Mcrriam, Houghton. 

A bird book for beginners. 

Citizen Bird. M. 0 . Wright and Elliott Cnues. Macmillan. 

A Manual of Bird Study. W. H. Carr. Am. Mus. Nat. Hist., N.Y. 
Useful Birds and Their Protection. K. II. Forlmsli. Mass. Board of 
Agriculture. 

A convincing account of the importance of birds. 

Wild Bird Guests, How to Entertain Them. E. H. Haynes. Dutton. 
Reasons for protecting birds, with practical illustrations of bird 
houses, baths, etc. 

Tree books: 

Field Book of American Trees and Shrubs. F. S. Mathews. Putnam. 

A concise description, with illustrations in color showing general 
appearance, leaf, and fruit. 

Our Native Trees. H. L. Keeler, Scribner. 

Trees Every Child Should Know. J. Is. Rogers. Doubleday. 

Farmere' Bulletins, U.S. Department of Agriculture. 

173 , Primer of Forestry, Part i; 35H, Primer of Forestry. Part 2. 
Bulletins of the U.S. Bureau of Forestry. A list of the publications may 
be obtained upon application. 

Books about animals: 

Animals of the Past. F. A. Lucas. American Museum of Natural 
History, New York, 

Mastodons and Mammoths of North America. H. F. Osborn. America® 
Museum of Natural History, New York. 

Mighty Animals. Jennie 1 . Mix, American. 

Wild Animal Interviews. W, T. Hornaday. Scribner. 

Books about the development of mankind: 

Growing Up. Karl de Schweinitz. Macmillan. 

Heredity and Environment, E. G. Conklin. Princeton Univ. 

The Nest Generation. F, G. Jewett, Ginn, 

Prehistoric Man. G, G, MacCurdy. American Library Association, 
The Third and Fourth Generation. E. R, Downing. The University of 
Chicago. 



XXII 

THE SERVICE OF SCIENCE 

Purpose of this chapter. In the introductory chapter of this 
book you read about some of the ways in which science has 
transformed the world and something about the scientific 
method. Before completing our study of general science it is 
desirable to do three things: first, to describe briefly the organ¬ 
ization of knowledge about the universe as it has been de¬ 
veloped by scientists; second, to note some very recent 
advances of science in addition to those already discussed in 
the text; and third, to consider a little more carefully the 
nature and significance of the scientific method. 


A. THE WORLD OF THE SCIENTIST 

Science and the organization of knowledge. Scientific 
knowledge differs from mere information in several ways. 
Scientific knowledge is organized in a logical manner whereas 
mere information is apt to be haphazard and lacking in organ¬ 
ization. The scientist compares objects and phenomena and 
classifies them in groups according to likenesses and differences. 
He is interested in understanding the interrelationships of 
things and events. 

Primitive man was confused in his thinking about nature. 
He was even incapable of always clearly distinguishing between 
the organic or living world and the inorganic or non-living 
world. Thus stars have at times been considered the souls of 
the departed, and the heavenly bodies, storms, rivers, lakes 
and mountains have frequently been worshiped as spirits or 
the abodes of spirits. As the knowledge of natural phenomena 
became more exact, the ability to clasafy objects and phenrnn- 

ena based upon careful observation and experimentation rather 

^The heavenly bodies were objects of interest in tke ^riiest 
periods of man’s history. Hence astronomy was one of the 



The Work of the World 


604 

first fields of science to be developed. Physics, another great 
field of science, deals with energy manifestations, such as 
motion, heat, light, electricity and magnetism. Heavenly 
bodies move and many of them give off heat and light, and so 
astronomy and physics are closely related. In modem times 
there has appeared a field of science, known as astrophysics, 
which deals with phenomena common to both astronomy and 
physics. All modem astronomera must be well grounded in 
the facts and principles of physics, and it is interesting to note 
that some of the greatest physicists, such as Galileo and New¬ 
ton, have also been eminent astronomers, 

Very closely related to physics is chemistry, which deals 
primarily with the composition of matter and the changes 
which take place in matter under varying conditions. Indeed, 
these two great fundamental fields of science — physics and 
chemistry—are looked upon as in reality one field, since 
energy and matter are intimately related to each other. How¬ 
ever, for purposes of study and discussion it is possible to 
organize the subject matter with which these two sciences deal 
into two major fields, although there are topics which belong 
as much to one field as to the other; therefore just as there are 
astrophysicists so there are physical chemists. 

In the early period of the development of all the great fields 
of science there was much superstition. Thus, astronomy 
had its origin in astrology and chemistry in alchemy. The 
study of the heavens was thought of as a means of foretelling 
future events upon the earth, The alchemists were con¬ 
stancy seeking ways of doing magical things, such as turning 
lead into gold and healing diseases by concoctions which have 
since been found to contain no medicinal properties, 

It took scientists many centuries to get rid of superstitious 
ideas. Modern astronomy had its origin in the sixteenth 
century, physics in the following century and chemistry in the 
latter half of the eighteenth century, At these periods certain 
mistaken ideas in each field were for the first time abandoned. 
Furthermore, some of the basic eonceptions in each field, which 
have since come to be recognized as fundamental, then had 
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their origin or were demonstrated to be true, However, the 
great masses of people of those times, even those who were the 
most intelligent, often did not accept as true the findings of the 
most eminent scientists. In fact, generally speaking, quite 
the reverse was true. In many instances decades and even 
centuries elapsed before some of the greatest discoveries were 
understood and accepted by people in general. In the mean¬ 
time it frequently happened that the leaders of science and 
their followers were persecuted. Even today, a considerable 
number of people believe the earth to be flat and stationary 
and that it is possible to get guidance in their everyday affairs 
from what is told them about the positions of certain heavenly 
bodies at the time of their birth. 

Astronomy, physics, and chemistry are fundamentally 
branches of inorganic sdence, as are also geology, which treats 
of the rocks of the earth, and meteorology, the science of the 
weather. In treating many of the. topics in this book these 
branches of science have been drawn upon. In addition, much 
space has been given to such organic sciences as biology, the 
study of living things in general, to botany and zoology, tp 
physiology, which treats of the functioning of organisms or 
parts of organisms, to anatomy, the study of the structures of 
living things, and to bacteriology, the science dealing with 

^wThave not however attempted to organize the material 
studied under the separate heads of astronomy, physics, 
chemistry, biology, and the rest, but have used the facts aal 
principles developed in any of them whenever they have been 
needed to throw light upon topics under consideration. Mm 
of the interrelationships existing between these specialized 
fields of knowledge have been stressed, It is appropriated 
do this in a beginning course in science, and furthermore, this 
method is the way scientists themselves work in their labors' 


tones 

Pure and Applied Science. One often hears the teHPh 
"Dure" and "applied" used in connection with science, 
it is well to know what they mean. Most of our study ^ 



6o 6 


The Work of the World 

been in the field of applied science. The research worker’s 
efforts are in the field of pure science while the inventor takes 
such findings and applies them in practical ways to make pos¬ 
sible the better satisfaction of human wants and desires. 
Pure science is sometimes defined as science for its own sake. 
The worker in this field is not primarily concerned with how 
his discoveries are to be used, but rather with the extension 
of the boundaries of knowledge. A few illustrations will help 
to make the meaning of these statements clear. 

Oereted could not possibly have foreseen the significance of 
finding that there is a magnetic field of force around a wire 
conducting an electric current and yet that discovery helped 
to make possible the dynamo and the motor which have revo¬ 
lutionized civilization. (See page 462.) Today scientists 
are studying the nature of matter, and at any time they may 
make discoveries which will change our way of living very 
materially. 

In 1935 two Nobel prizes, one in physics and one in chem¬ 
istry, were awarded. The prize in physics was given to 
J, Chadwick of England for discovering the neutron which is 
now believed to be one of the fundamental building blocks out 
of which our universe is constructed. (See page 452.) The 
prize in chemistry was awarded to F. Joliot and Irene Curie 
Joliot of France for discovering that artificial radioactivity 
may be produced in certain elements. These two discoveries 
are related to each other in a variety of ways, one of them being 
that neutrons are now used to bombard the atoms of certain 
elements to make them radioactive. Sodilim, which is one of 
the two elements in common table salt, can thus be made 
radioactive. 

Chadwick’s discovery was made in 1932 and the Joliots’ in 
1934. It is of interest to note that it is Mme. Marie Curie's 
daughter who Has continued the work of her parents, the dis¬ 
coverers of radium. (See page 364.) Mme. Joliot and her 
husband have done work which gives new hope to those who 
are engaged in the field of cancer control. At present cancer 
is one of man’s greatest enemies, ranking second to heart 
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disease as the greatest single cause of death in the United 
States. Skin cancers are,often successfully treated with radium 
whose emanations are destructive of cancerous growth. How¬ 
ever, radium cannot be used in the case of deep-seated growths 
within the body, but it is possible that radioactive sodium may 
be used for this purpose, However, it is too early to prophesy 
that such will be the case. All that can be said at present is 
that it may turn out to be the means of more successfully con¬ 
trolling cancer than any method previously devised. 

The fact that scientific research is basic to the development 
of applied science is recognized today by many leaders of in¬ 
dustry. Many great manufacturing concerns find that it pays 
to spend large sums of money annually to employ research 
workers. Often the results of such investigations do not yield 
anything of immediate practical value, but other considera¬ 
tions amply justify the amounts spent. In addition to the 
scientists employed by industry, there is a great army of these 
workers in the laboratories connected with universities and 
with some of the great educational and scientific foundations. 
Every year sees progress in many fields and growth in the sum 
total of scientific knowledge. 

B. RECENT ADVANCES IN SCIENCE 

The wide scope of modern scientific activities. It is possi¬ 
ble to illustrate the advancement of science in recent years 
in almost innumerable ways. In fact, this book is largely 
devoted to doing this very thing. A few additional examples 
of accomplishments which touch the lives of many people and 
which are probably destined to enter into the lives of unborn 
generations to a still greater extent are given in this chapter. 

One great modern field of scientific activity has been dis¬ 
cussed, namely research into the nature of matter. Let us 
glance also at the fields of metallurgy, synthetics, transporta¬ 
tion and health and accident prevention. We can hardly 
examine a newspaper or a magazine these days without find¬ 
ing reference to one or more of these topics. They are to be 
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found not only in magazines devoted more or less to science 
but in many which a short time ago seldom gave any space to 
scientific matters. 

Advances in metallurgy. In recent years significant ad¬ 
vances have been made in devising methods of extracting 
metals from surface rocks of the earth. The ‘‘iron age" is 
being transformed into an age of aluminum and of combina¬ 
tions of metals, known as alloys, which have in many instances 
yielded substances possessing great strength, lightness and 
durability. 

The story of the development of methods of extracting alu¬ 
minum from various rocks is a fascinating one. A short 
time ago it was a very expensive metal but now it is much 
cheaper than tin. Recently an effective means of applying 
a coating of aluminum to iron has been developed. As a 
result it is quite likely that "aluminum" cans will replace 
many of those that are now known as 41 tin " cans. 

Chromium is very commonly used in plating steel. Espe¬ 
cially familiar is its uae in the head-lights, door handles, and 
radiator frames, of automobiles. It does not tarnish and 
gives a pleasing luster. Chromium, manganese and silicon 
are used to produce an alloy, called Cromansil, which is much 
lighter than steel and possesses other characteristics which 
make it preferable for certain uses, as in the construction of 
Diesel engines, which are coming to be used in transportation 
on land as well as upon water. (See page 563.) 

The story of how the development of the airplane has de¬ 
pended upon the application of the results of research in the 
field of metallurgy is another interesting chapter in applied 
science. To discuss it here would take us too far afield, but 
it offers splendid opportunity as a project for study, 

Synthetic materials. The word ' 1 synthesis'' means to com¬ 
bine, so the term "synthetics" has come to be applied to cer¬ 
tain products which result from the chemical union or combin¬ 
ing of elements. In many instances these substances are 
more or less duplicates of natural substances, that is, sub¬ 
stances made in the tissues of plants or animals or formed in 
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other ways as a result of chemical changes occurring in nature. 
In other words, synthetics are man-made substances as con¬ 
trasted with materials formed by natural processes. 

Synthetic materials have wide and varied uses in our 
modern world. Some articles made of "synthetics” are the 
following: amber-like materials, faces of watches, switches on 
radios, insulating materials, starter-buttons on cars, steering- 
wheels, fountain pens, chairs, dishes, buttons, reels for fishing- 
rods, parts of sets of false teeth, water-proofing materials, bird 
cages, artificial limbs, rubber, camphor, cellophane, rayon, 
ceramics, soap, box covers, handles, window trim slips, 
printer’s ink, glycerin, celluloid, water-proof glue, linoleum, 


and oilcloth. 

Some synthetics are an improvement upon natural products. 
Synthetic rubber, for example, is better in most respects than 
the rubber obtained from trees. It does not deteriorate as 
rapidly and is not spoiled by oils and gasoline. There are 
several varieties of synthetic rubber. One of the most common 
known as Du-Prene is made from coal, limestone, salt, and 
water. The use of artificially produced rubbers is limited 
today because they are considerably more expensive than nat¬ 
ural rubber. However, if the price of natural rubber should 
revert to the 1925 level, the synthetic product would be 
cheaper. The uses of synthetic rubber are increasing, among 
which may be mentioned the bulbs of medicine droppers, the 
hose for spraying paint and for use around gasoline service 
stations, flexible molds for plaster casts, piston packing, and 

the jacket around automobile ignition wires. 

Plastics a branch of synthetics. Many of the synthetic 
products mentioned in our list are in a group oiled plastics. 
There are many types of plastics. The British 
book upon this subject describes sixty, and takes fifty- 
five pages to list the products made from plastics, and thirty 
pages more to list the substances from which they are made. 

P One of the roost common types of plastics is made irmtear-. 
bolic acid and formaldehyde, a liquid and a gas respectively. 
There me thirty companies in the United States alone maim- 
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factoring this type, Fifty million jxiunds per year are manu. 
factured and forty-five thousand persons are employed in 
this industry. The field is rapidly developing, and it would 
seem that what has been done thus far constitutes only a 
small beginning. This industry bids fair to change the ap¬ 
pearance of our homes in ways which will make them more 
beautiful and sanitary than anything we have yet imagined. 

Cellophane is an example of a plastic, the wide-spread use 
of which has developed recently. The word, cellophane, com¬ 
bines the first syllable of cellulose, which means the walls of plant 
cells, with phane, meaning open to view. The fabric is practi¬ 
cally the same as rayon, except that it is forced into a sheet, 
whereas rayon is spun into a thread. (See page 412,) The 
finest grade of ever-green spruce wood pulp, or cotton linters, 
is treated with a caustic solution to which is added carbon sul¬ 
phide to disintegrate the fibers completely. The final result 
of the process is a viscous, amber-colored fluid which when 
made into thin sheets is transparent, strong and durable. Its 
chief use at first was for wrapping merchandise to make it 
more sanitary and attractive. Besides this use it is now em¬ 
ployed for a variety of decorative purposes in draperies and 
coverings. It is prophesied that it will be used in clothing. 

Advances in transportation. Advances in the science of 
metallurgy had to be made before a Diesel oil-burning engine 
could be built that was light enough in weight to make ad¬ 
vantageous its substitution for the steam-propelled locomotive. 
In 1933 the alloy, called Cromansil, was discovered. Its use 
in the Diesel engine of the so-called "stream-line" trains has 
made possible a new era in passenger service on railroads. A 
dozen or more of these "stream-line’’ trains are being con¬ 
structed or are now in use. One, called the Zephyr, on the 
Chicago, Burlington and Quincy Railroad has made a daily 
run of 500 miles since November II, 1934. 

This new type of train is made of stainless steel, which is 
non-corrosive and hence more durable. Its cars are articulated 
into one piece. The train is capable of making a speed of 
one hundred and twenty miles an hour and regularly travels 
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in service at a rate of eighty-five miles an hour. The train is 
air-conditioned and has space for mail, express and baggage as 
well as for passengers. To passengers, the advantage of this 
new type of train over the steam train is in greater speed 
safety, cleanliness and comfort. To the railroad the advantage 
is the lower cost of operation. 



Courtesy oj The Glenn L. Martin Co, 


Fig. 298. The Martin Ocean Transport taxiing on the waters 0! 

“ ' Chesapeake Bay 

This " flying Ixial" is a successor to the China Clipper. ItB wing span is 
27 Icet greater. It can carry 46 passengers on day flights and 26 at night. 
In the huge "sea wings" 42C10 gallons of fuel can be earned. 

A regular commercial air route across the Pacific Ocean, 
inaugurating a new era in aviation history, was begun in 
November, 1935, with the flight of the China Clipper from San 
Francisco to Manila. This air route and the "flying boats” 
which are making the flights are the result of years of study of 
the possibilities of transoceanic air lanes and of research to im¬ 
prove airplanes and to make flying over a long ocean route safe 
To make these trips possible bases had to be established and 
completely equipped, some of them on desert coral islands, 
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before the first flight could be made. Crews went by steamer 
to the islands of the Pacific, that had been chosen as landing 
places. Radio equipment, instruments for forecasting the 
weather, everything to service an airport and to insure sani- 
tary living conditions for the crews, who were to live on the 
islands, had to be carried to them. Flight crews had to he 
trained and repeated test flights had to be made to practice 
blind flying and to try out radio apparatus, engines, and ability 
to land on the open water. 

. This air route has five stages, 2410. miles to the Hawaiian 
Islands, 1380 miles to the Midway Islands, 1242 miles to Wake 
Island, 1450 miles to Guam, 1500 miles to Manila. From 
Manila, other planes fly 700 mites to Macao, a Portuguese 
island near Canton, China. It is expected that eventually the 
Chinese government will allow the China Clipper to land in 
China. The China Clipper has sleeping accommodations for 
eighteen passengers or can carry forty-two passengers by day 
in addition to a crew of seven and a cargo. It can cruise at a 
speed of one hundred and fifty-seven miles an hour and climb 
to a height of twenty thousand feet, and can travel at a top 
speed of one hundred and seventy-nine miles an hour. Its 
14-cylinder engines develop 3200 horsepower. It has a fuel 
capacity for four thousand miles as a mail transport and three 
thousand miles when fully loaded with both passengers and 
mail. At present, three sister airplanes are used on the route, 
the other two being the Philippine Clipper and the Hawaiian 
Clipper. 

It will probably be only a question of a few years before 
regular service over the Atlantic Ocean, linking the Americas 
with Europe will be regularly established. The distance is 
not nearly as great as across the Pacific Ocean, but there are 
difficulties to contend with which do not exist on the Pacific 
route. For one thing, there are fewer islands that can be used 
as stepping stones and the north Atlantic route is hazardous 
because of storms and the danger of the plane becoming over¬ 
weighted from the formation of ice. 

Air conditioning. One of the fields of study in engineering 
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that is receiving much attention today is air conditioning. 
The ability to control the condition of the air we breathe in¬ 
doors has been increasing with our knowledge of what that 
condition should be. (See pages 84-89.) It has been as¬ 
certained in recent years that the composition of the air is 
ordinarily of relatively little importance as compared with 
its temperature, humidity and degree of movement. Conse¬ 
quently experts in ventilation are devising methods of con¬ 
trolling these latter factors and also the removal from the air 
of dust and other particles of matter. Especially has signifi¬ 
cant progress been made in supplying passengers on trains with 
properly conditioned air. Many apartment houses, hotels, 
and private homes have been constructed with the new ap¬ 
pliances. 

Anyone who lives in a city must know the conditions in 
most sections during a large part of the year resulting from the 
smoke nuisance. This is due to the incomplete combustion 
of fuel. This problem has been attacked and devices have 
been constructed to insure satisfactory combustion. Hitherto, 
the expense involved has made most of them impractical. 
Progress seems to be dependent upon the development of a 
more intelligent public opinion which will insist upon having 
cleaner air. People as a whole pay much more attention to 
the purity of the food and water they take into their bodies ■ 
than they do to the air they breathe, and yet there can beno,:/ 
doubt that sickness and the death-rate can be reduced by 
giving people clean air to breathe. . 

There is one exception to the statement that the cotoposttion.- . 
of the air is relatively unimportant. This is the possible pres¬ 
ence of the poisonous gas, carbon monoxide. (See page 319.) > 
Recently devices for testing for the presence of this gas in the 
air have been put on the market. Since, like * 

and carbon dioxide, it is invisible, odorless md tostal^s, t - 
not easily detected by our senses. The new devices can detect 
this gas when present only in one part in ten 
air. One of them automatically nng* a gong as a warning 
when two parts of this gas in ten thousand pttft of air ate 
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present. This is about the concentration at which head- 
aches begin to develop. A mechanism of this kind can be 
used to good advantage in such places as service garages where 
the expulsion of carbon monoxide from the exhaust pipes of 
automobiles interferes with the efficiency and safety of the 
workers. A modification of this device can be used in other 
places where the presence of carbon monoxide is suspected, 
such as the interiors of automobiles into which the gas some¬ 
times leaks from exhaust pipes. 

The menace of carbon monoxide is not, of course, confined 
to automobiles. The subject is of importance in our homes 
during the periods of the year in which heating is necessary. 
A public health official in one large city recently directed atten-. 
tion to the need of protecting ourselves against the possible 
blocking of vents from furnaces and the consequent pollution 
of the air indoors. He also referred to the necessity of having 
unjointed metal pipes for connections with gas heaters and the 
danger of allowing them to burn during the night with the 
possibility of the pressure being lowered or cut off and the 
consequent extinction of the flame without shutting off the 
flow of gas. This aspect of the subject is of such widespread 
importance and the number of deaths from carbon monoxide 
poisoning is so large that the topic is a timely one. 

Improved lighting. Improper lighting is another common 
cause of injury to health which is coining to the fore these 
days. Research into the kind and intensity of light needed to 
relieve eye strain is achieving practical results. It is now 
possible by means of a device, called a light meter, to register 
the intensity of the light in any given place. There is a pointer 
on the meter which shows whether the amount of light avail¬ 
able is adequate to the kind of work that is being done. Glare 
is being relieved by partial or complete indirect methods of 
lighting in homes, offices, factories, and meeting places. 

Night driving is difficult and unsafe not only because of the 
, glare of headlights of approaching cars which are not dimmed 
| but because of improper street lighting. In both England and 
" the United States experiments are being conducted in this 
There are, for example, stretches of roadway near 
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several large cities where a new type of street lighting is being 
tried out. 

In factories where one’s safety may be endangered if the 
lighting is not adequate, science is furnishing the means of pre¬ 
venting accidents. Electric light bulbs, with protective cover¬ 
ings, are now available to screw into sockets in baseboards 
where there may be dim lighting in such places as on stairways 
and in dark hails. 

New uses for photo-electric cells. For the purpose of pre¬ 
venting accidents in elevators photo-electric cells are used 
which prevent the closing and moving of elevators while any¬ 
one is either entering or leaving. (See page 354.) Photo¬ 
electric cells are now used also to open the doors of buildings. 
Not only may this be a convenience, but it helps to prevent 
accidents in such places as railroad stations and at doors in 
restaurants through which waiters are constantly passing. 
Devices using photo-electric cells are also being perfected by 
means of which the navigators of ships moving through fogs 
may become aware of the approach of another vessel. In 
these and in many other ways the findings of scientific research 
are being used to help safeguard life and health. 


C, THE SCIENTIFIC METHOD 

Science an attitude of mind. In the first part of this chapter 
science was discussed as a body of organized and tested 
knowledge, but science is more than knowledge. Science is 
a method and an attitude ol mind as well. It is true that 
scientists have given to the world a host of tools whereby a 
multitude of inventions or things may be made and wh^eby 
the forces of nature may be harnessed to accomplish resulte. 
More important, however, than all the materia thrnp which 
have resulted from the advancement of science is the develop¬ 
ment of the scientific attitude or method. . 

The scientific attitude is different tom the 
titude of facing difficulties and solving problems. This can 
best be illustrated by noting the method used by the scfentis 
5 TJ,ISThi, oroblems. There is fat the re^utfa d 
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a problem. The individual observes something which he jg 
unable satisfactorily to explain. As long as the existence of a 
problem is unrecognized, nothing can be done toward its 
solution. 

The recognition of a problem is, however, only the initial 
step in the use of the scion tific method. The next step is that 
of scrutinizing it from different angles and obtaining data 
about it. The scientist does this by making careful observa¬ 
tions and calculations and recording the data obtained. 

The third step in the use of the scientific method is the tenta¬ 
tive adoption of some hypothesis or conclusion and the test* 
ing of it. Perhaps the conclusion is corroborated by the 
testing. If it is not, then some other conclusion is tried. 

Finally, the problem may be solved to the satisfaction of the 
individual. However, the conclusion which is finally accepted 
is always accepted provisionally, that is, with the under¬ 
standing that it may have to be revised or discarded later in 
view of additional knowledge which may be attained. 

The significance of the scientific method. The scientific 
method is the highest type of thinking of which man is capable, 
Scientists, themselves, have no monopoly of it. At times, all 
intelligent persons use this method. They use it whenever 
they approach problems in an open-minded manner, free from 
prejudice. They use it whenever, instead of believing every¬ 
thing they hear, they test statements and rumors for them¬ 
selves. They use it whenever they modify their old opinions 
in the light of new and trustworthy information. They use 
it whenever instead of being controlled in their behavior by 
their emotions they calmly think tilings through. 

The scientific method has in it the capacity of making our 
world a much better place in which to live, provided there 
goes hand in hand with its use what may be called an unselfish 
mode of action. Science alone is not all that is needed to better 
our world. It must be combined with a philosophy of life which 
considers the welfare of others as well as our own satisfactions. 
In the hands of men and women who possess true social in¬ 
sight it becomes an indispensable means of human progress, 
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A battery: battery u»*d to heat the 
filament of a vacuum tube to in¬ 
candescence (p. fill)). , .. 

absorb (ab-sOrliO: to take in a liquid 
or a gas somewhat ns a sponge 
takes m water. . 

absorption (ab-sArp'shtin): the act of 
absorbing, or the. Mate of bemR 
absorbed (food, p. «•*!» 
p. 344 ; heat, p- 4 IB; rt«M. !>■ d-' 1 - 
awtyiene gas (LaWl-Ifn): tlm km m 
set free when water bi-Ih on the 
chemical, calcium carbide. It 
burns with a while, intense flame 
(p. 362 ). , . , 

add (fis'ld): acids are chemical com¬ 
pounds, having mw*. nr hi* the 
qualities of vinegar. Acids turn 
blue litmus paper red. 1 hey ure. 
LBUtrali*cd by alkalies, 
acidity (d-sIiM-tl): quality or state 
of being acid (p. Ml), 
aedes mosquito (f'tlflt): the mos¬ 
quito which spreads yellow fever. 
Formerly fliillwl akf/owywi (p. 
aileron (fl'le-rAn); ailerons are two 
small hinged extensimts at the l»aek 
edge of the. wings which serve aa 
balances when the airplane tilts to 
one side or tho othor, mi it does in 
turning (p. 20). 

albumin (sl-bfi'mln): albumins are. 
ehemical compounds of carbon, 
hydrogen, nitrogen, oxygon, and 


aiilphur. The purest form is in the 
white of an egg, for which the 

H) n‘lliiig albumen is adopted. Al¬ 
bumins are contained also in milk 
ami in blond (p. 195 ). 

alkali (tll'k/i-li): such substances as 
soda, iHitush, and ammonia (also 
lime) which turn red litmus paper 

I) 1 ue and which form salts with 
acids (p. 417 ). 

alkaline (ttl'kn-lln):. having tho prop¬ 
erties of an alkali. 

alloy (rt-loi')! a substance made by 
tin; mixture of two or more metals, 
usually by melting them togethoi 

(pp, 327, MU). . 

alluvium (.1-lft'vI-Cm): ami built up 
by tiu; action of rivers (p. 172 ). 
alternating current: an electric cur¬ 
rent which periodically and rap¬ 
idly changes its direction of flow 
through a circuit (p. 477 ). _ 
altimeter (Al-tlni'MCr): an instru¬ 
ment which measures the height, 
or altitude, of an airplane above 
the ground (p. 2). 
altitude (al'll-lfid): elevation above 
sea level (p. 12). 

amino acids (ftm'l»n0): substance 
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using vacuum tubes to m&gauy 
electric impulsea (p. 497 ). 
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Amplify (ilm'oll-fl): to make more 
intense, or larger (p. 528). 
aneroid (&n'£r-oul); the kind of 
barometer which nmtaim no liu- 
uid, anti which operates through 
air pressure on a vacuum Isis 
(n. 18). 

angle of incidence (Tn'sf-dftiH): the 
angle at which light strikes a sur¬ 
face (p. 345). 

angle of reflection: the angle at 
which light is turned back, or re¬ 
flected, from a surface (p. 348). 
anode (ftn'fld): the positive terminal 
of an electric source (p. 530). 
anopheles (d-nOf'f-lf?,): the mos¬ 
quito which spreads malaria 
(p. 595). 

antenna (ttn-tSn'd): in radio, a single 
wire or set of wires for broadcast¬ 
ing radio frequency vibrations into 
the air, or for picking up these 
vibrations from the air (t>. 520). 
anther (ftn'thBr): in seed plants, the 
part of the stamen which develops 
and contains pollen (p. 577). 
anthracite (fin'tlird-stt): hard coal 
(p. 377). 

anti-cyclone (iiu'tt-srklOn): the pe¬ 
riod of clear weather following a 
Btorm. The area has high alines- 
’lerio pressure, and the winds 
ow Bpirally outward (p. 159). 
antiseptic (Itrtl-sJpdlk): a substance 
able to weaken or kill bacteria 
(p. 103). 

antitoxin (ItnTI-tdk'sfn): a chemical 
compound obtained from the 
blood of the horse; used to over¬ 
come the effect of disease-produc¬ 
ing bacteria (p, 98). 
aphelion (d-f6l'yiiii); the point of n 
planet’s orbit which is farthest 
from the sun (p. 304). 
apparatus (ap'd-rfl'tils); the tubes, 
]ars, dishes, scales, machines, 
instruments and so on used in 
scientific experiments, 
aquarium (a'kw&'rl-flm): a glass tank 
or jar in which water animals and 
plants may be kept alive (p, 0). 
aqueduct (Hk'wS-dukt): a system of 
pipes for carrying a large quantity 
of flowing water (p. 110). 
armature (ttr'ind-t$r5: in an electric 


bell, the moving part which esusea 
the sound; in an alternating cur- 
rent dynamo, the. rotating core of 
soft iron or steel, wound with in. 
sulatcd wire (pp. 487, 489). 
artery (ilr'lPr-I): arteries are the 
Mila* that carry the blood awav 
from the heart fp. 259). 
artesian wells (ar-tc'aMn): wells 
laired until a layer of porous rock 
saturated with water iH reached, 
from which the wafer is forced up 
by internal pressure hi. 120). 
artificial respiration tiir'ibftBh'U): 
the process by which air iH forced 
into (he lungs and out again by 
mechanical menus (p. 77). 
asphyxiation (ila-flk'Hl-a'shdn): suf¬ 
focation, or smothering (p. 319 ). 
asteroid (its'ler-nicl): a planetoid, or 
small planet-like, body (p. 300). 
astronomy ((tn-lrfln'8-mt): the science 
which treats of the planets, the 
stars and other heavenly bodies 
(pp. 293-305). 

atom (ttt'fim): formerly considered 
the smallest parlielo of matter 
that can exist. Now believed to 
lie composed of still tinier parts, 
pniions and electrons (p. 452). 
attraction (d-lrilk'elifln): the force 
acting lietwe.cn particles of matter 
which tends to draw them to¬ 
gether (p. 484). 

auditory nerve ((Vdt-tft-rl): tho main 
nerve which carries messages from 
the ear to the brain (p. 35). 
Aurora Borealis (ft-rfi'm bi5-rfr4'lls): 

the Northern I.iglds (p. 204). 
aviation (ii'vl-fi'slifiu): the art or 
soieiice of flying airplanes or bal¬ 
loons fp, 23). 

axis (ftk'sts): tho straight line, real or 
imaginary, which passes through 
or is imagined to pass through a 
revolving body, and on which it is 
imagined to revolve (p. 295). 

B battery: in radio, tho battery the 
positive terminal of which is con¬ 
nected to the plate of a vacuum 
tulie, thus causing electrons to 
flow from the hot filament to the 
plate (p. 520), 

bacteria (bttk-t&rl-d): a certain 
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•roup of microscopic vegetable 
Nanisms, same of which produce 

t,«Slogy P (l^-lc'rl-r.l'rt-jT): tile 

h ‘£ce which dcdHwdh line(crin, 

end so with tta «*■ »«1 

h«U bSimsI’tt'cleyiep for reducing 
friction m machinishke Incyclcn 

and ftutomtil ides (p. 4 . 10 ). ■ 

Just (MWHt).s 11 . 1 v henvv sub 
stance placed maWtor balloon 
to moke it steady (p--I)- , 
barometer (Ixi-rilm'M-'r): an mstru- 
msntfor measuring liic pnwaire of 

basUayer 1 ^^ U‘« { I,r,,,r ] W'? "( 
the bark of a tree. It writ* food 
from the leaves toward the roots 

battery^two or more cells connected 
together for generating electricity 

Bemberg: an artificial silk (p. 413 ). 
biology (bl-OM)-0! t«‘ seieni'C which 
jnemdea the. study of all living 
creaturoa •“* plants ntul awiniwlB 

blp£nf(Wfsplan): an airplane having 
two supporling plant's (p. 
bituminous (liT-tQ'ml-niisj: tin: term 
UBed for soft coul (p. <ti 7 ). 
block and tackle: an urnmgeniont of 
pulleys, iHilh fixed and.moval.hj. 
For liftinE or moving weights with 
only small effort (]>• 414-. . 

botany (lifit'd-nl): tlm science of 
plants (p. 303 ), 

breccta(hr5idi'd):aesmdotiicriitcnick 

made upof angular pel i1*w (p-1 d»- 
bronchial tnbeB (lirftn'kMlj: two 
tubes into which the trachea di¬ 
vides and which lead into the. 

, Bunsen Sumer (IsSm'sFn): a hunter 
for gas, producing a very hot and 
efficient conical shaped flame which 
does not soot (p. 11X8). 


caisson (kiWfn): a aeries of cylindri¬ 
cal chambers in which work under 
water is done, hacli chamber is 
furnished with compressed air 
under a different degree of pres¬ 
sure (p. 31). 


calcium (kill'Bt-fim); an important 
building material for the bones 
and the teeth (p. 225). 

Calorie (kill'8-rt): the amount of 
lieat required to raise the tempera¬ 
ture of one litre of water 1° C. 

(p. 217). 

calorimeter (kttl-fi-rlm'6-ter); an in¬ 
strument for measuring the 
amount of heat in foods (p, 219), 
calyx (kiVllks): the sepals of a flower 
taken os a whole. It is the outer, 
usually green, part. The inner 
showy part is the corolla (p, 577). 
cambium (kilm'bt-flm): tlio layer of 
11 growing cells" between the wood 
and the bnik of a tree (p. 331). 
candle power: the unit in measuring 
the strength of a light (p. 370). 
capillary (kltp'I-llt-rl); the very fine, 
hairlike blood vessels through 
which tho blood flowB from the 
arteries to tho veins (p. 77), 
capillary action: the creeping of any 
liquid through small spaces, as 

.. water in soil (p. 182). 

animals carbohydrate (kiir'bfs-ht'drat): the 
group of foods including the 
starches, the sugars, and cellulose. ' 
Carbohydrates contain carbon, 
hydrogen and oxygen (p. 223). 
carbon: an element essential to all 
living things (p. 47). 
carbon cycle: the complete process 
by which carbon dioxide and oxy¬ 
gen are exchange products of plant 
and animal life (n. 276). 
carbon dioxide (ut-Ok'ald): _ a gas 
present in tbc air; a produot of 
combustion (p. 44). 
carbon monoxide (mfin-fik^a )\ a gas 
fnrmnd when carbon burnB in a 
limited supply of air. It is color- 
I less, odorless, and a deadly poison 

' carFon'tetrachloride (tfitTa-MO'rid): 

a liquid which turns to a gas very 
readily in the chemical.processes 
effected in tho .fire-extinguiahero 
used in automobiles (p-58). 
carburetor (kar'bh-rSt'gr): the de¬ 
vice used with gas engines fpr 
changing gasoline from a liquid 
into a gas (p. 561). , 

cathode (kith'Od): the negatively 
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charged pole of an electrical ap- clouds, from 5 to 8J miles above 

S aratus (p. /538). the. earth (pp. 12, 147). 

s arranged in parallel! in this climate (kll'niit): the average 
arrangement all the positive pules weather conditions of any lo 

are joined to one extremity of the cality (p. 155). 
circuit wire, and all the negative coagulation (kft-flg'ft-la'shiin): olot- 

£ 0168 to the other (p. 457). ting, as the hardening of tho white 

a arranged In series: in this or- Of an egg in fueling (p. 195). 
rangement the positive polo of one coal ter: substance obtained by die- 
oell is joined to the negative pole of tilling soft coal (p. 421), 
the next (p. 457), cochlea (kilk'lfi-d): a division of the 

cellulose (sSl'ft-lOs): the sulistance of middle enr, which transmits soimd 

which the walls of plant cells are waves to the auditory nerve. It 

made (p. 89). is shaped like a snail-shell and is 

Centigrade scale (sSn'H-grful): the filled with liquid (p. 34), 
name of tho metric thermometer, coke (kQk): a fuel made by removing 
The space between tho freezing gaseous substances from soft coal 

point and the boiling point of through heating (p. 376). 

water is divided into 100 degrees combustion (kdin-bfls'ehfin): rapid 
(p. 80). oxidation; burning (p. 51). 

centrifugal force (Bfin-trtf'ft-gdl): the, comet (kfim'61): a heavenly body 
force which tends to make all parts with a bright head, often with a 

of a whirling body to fly outward long bright tail (p. 30(1). 
from the center (p. 472). commutator (kOm'ti-ta'Ior): tho part 

cerebellum (sSr-6-bfil'ilm): the part of a motor which kcepB the 

of the brain in which the nerve electrical current flowing in thB 

centers lie (p. 590). same direction (p. 407). 

cerebrum (sBr'fhbritm); the part of compass (kflm'pds): an instrument 
tho brain in which the higher for determining direction I iy means 

thinking processes take place of it magadized needle which 

(p. 690). points toward the magnetic north 

chemical change: one in which clo- (p. 105), 
ments arc rearranged to produce compound (ktfm'pomid)! a enmbi- 
one or more new substances (p. 48). nation of two or more of the simple 

chemistry (kftm'to-trt): the science substances known os elements, 

which examines substances to The siilntnncra lose their distinct 

learn their composition and how properties and form a combination 

thoy act when the composition is differing in its properties from any 

changed (p. 48). of tlm ingredients (p. 48). 

ehlorophyl (kl0'r8-ffl): leaf-green compression (kriin-prflsh'iSn): tho act 
(p. 274). of reducing in volume by pressure 

ohloroplast (klO'rft-plitst): the parti- (p. 21). 
oles of green matter in tho leaves concave: curved inward, like the 
of plants (p. 274), inside of a hollow boll (p. 350). 

eUla (sll'l-d); microscopic threads concrete: a mixture of Portland 
of living matter found in the wind- cement, gravel, crushed stone and 

pipe (p, 98). water. When dried, it becomes a 

circuit (sftr'klt): the complete path of solid roeklike mass (p. 324). 

an electric current (p. 477). condensation (ktin'dfin-sil'shftn): the 
circulation (sOr'kd-la'snfin): tho flow change of water vapor to water 

of the blood through ail parts of (p. 144), or of etuam to water 

the body pumped by the heart (p. 392). 
through arteries, capillaries and condenser: In radio, a fixed condenser 
veins (p. 257). is one in which tho value of capac- 

tirnw felr'fte): feathery or fleecy ity stays constant. A variable con- 
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eultlwttoa (Icfll'U-vI'shftn): , the 
prepamtinn of noil fnt the rausinp 
itf plant* t»y ttriukin* it up with 
plmixli Mrf harrow (p..1*3). 
cumulo-nimbus (kft'mft !6 nfm’bfla): 
tW rhnuln knmvu os "thuudcr- 
hiwl*” tp- t Wit. 

cumulus tkft'mti-tM: i-lmids re- 
H'mtilinst puff* «f muoko (it. 145). 
current, electric UtGrtiiti; tlm flowof 
«4M*triritV Ihrmiftlt ft win*, (p. 41U). 
cyclone <*l'hlrVii|: tlm wliirlinjt move* 
uwnt fiT air urmiiwl rim 
* arra, or “low 

thn olismltw in 
. a »lwun undine or R«* "P* 10 ® J? 

which UiO puilou move* (pp, 561, 

I 55«). 

i density tdmWMO: thirknroa; woiftht 
in poiiutl* of * cubic foot of * sub¬ 
stance <li. IffD; . , * 

d«mi* WftwmWi thw. imjflr and 
wiuntivn Inyt-r of the skin (p- 405). 


vitr wlii' l' «•!*?* know *“ '“ifi? 
presence of witches wftvsft(p. W7). 
dew-point; ttm impcroture ftt which 
tlcw fitnu* *t wiy particular time 

diaphragm (ttt'ti-frftnt); ft mu*cle 
llrnTtrolv irtwirnlinit .th« chwt 
riivilY fntni Urn nlnlojsultri oftYity 
(n- "'i'l » ‘hi" vibrating disk in ft 

"&j 3 fcSXUUC 

dlffuM^ fli l^htf»i'«ltwiiU lifiht, as 

lhal pftftsinj through translucent 

to chntifta tolidu into 


ffiwnct 01 Win iwi't i. y 

on the stigma of nnotlu-r Iw*** ™ 
the Bamo kind ip. SW- 
Crystalline lene (IcrtWMl-taV: 


which focuses reya of light on t 
retina (p. 364). 


dia«tiii« (p. 361) 


Ku^"ftV*li fond tub. wd 
the glands connected with to 

dtSthS(dtf.lh 5 'ri-d):winf«do'« 

“VliseMe of the throat and ftit paa- 
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direct current: an electric current 
that flows continuously in one 
direction (p. 477). 

dirigible balloon (dlr'I-jl-b’l): one 
that can be propelled and steered 
(p. 24). 

disinfectant (dte'In-fSk'Mnt): a sub- 
stance used to destroy disease 
germs. 

disinfection (dfe'Iii-fCk'shdn): the 
process of cleansing rooms and 
articles from disease germs (p. 
93). 

displacement: the weight of the 
water displaced by a floating object 
(p. 643). 

distil (dls-til'): to purify a liquid by 
boiling off and then condensing the 
vapor (p. 128). 

distillate (dfe-tfl'St): the product of 
distillation, as fuel oil distilled 
from petroleum (p. 378). 
dry cell: a voltaic cell whose contents 
are made practically solid by some 
absorbent (p. 459). 
duct: in hardwoods, tubes for carry¬ 
ing water (p. 334). 
dust mulch: in gardening, a light 
covering of dust which proven ts 
the water in the soil from evaporat¬ 
ing (p. 182). 

dynamic electricity (dl-nttm'Ik): elec¬ 
tricity produced by magnets 
(p- 462). 

dynamo (dl'nd-m6): a machine used 
for converting mechanical energy 
into oleotrical energy (p, 580), 

eccentric rod (Sk-sSn'trfk): in a steam 
engine the rod that operates the 
sliding valve (p. 552), 
edlpse Til-klips'): the shutting off of 
light from the sun by the passage 
of the moon between the sun and 
the earth. Also, tho darkening of 
the moon when it enters tho 
shadow of the earth (p. 311), 
efficiency of a machine (S-ffah'fc-st): 
the percentage found by dividing 
tho amount of useful work turned 
out by a machine by the total work 
put into it (p, 441). 
electric cell: a device for creating an 
electric current through chemical 
action (p. 458). 


electrical energy: the capacity of 
electricity to do work (p, 289) 
electricity (c-lCk-tris'I-tl): a form of 
energy (p, 452). 

electrode (6-lSk'trOd): the plates in 
an electric cell to which the wires 
are attached (p, 459). 
electrolysis (0-lEk-tr81'I-sis): the sep¬ 
aration of a substance into its 
elements, by electricity; as tho 
decomposition of water into hydro¬ 
gen and oxygon (n. 126). 
electrolyte (6-lGk'trO-lIt): a substance 
which aids decomposition by elec¬ 
tricity (p. 127). 

electro-magnet: a piece of soft iron 
with a coil of wire wound upon it. 
When a current of electricity flows 
through the wire, llie iron lieoomee 
a temporary magnet (p. 496). 
electron (6-l8k'tr0n): one of the tiny 
particles composing an atom. 
Electrons carry negative charges of 
electricity (p. 452). 
element (ttl'C-m&it): a subBtanoe 
which cannot lie broken up into 
simpler kinds of matter (p. 46). 
emulsion (6-intU'shftn): oil or grease 
which has been broken up into 
small particles that remain in 
suspension (p, 420). 
energy (fin'er-jl): tho power to do 
work tp. 53). Matter and energy 
arc discussed on pages 286-93. 
enzymes (fiii'zlins): a group of the sub¬ 
stances in Hit* body, which bring 
about chemical changes (p. 253). 
epidermis (Pp-I-dCr'mfe): the outer. 

layer of the skin (p. 405). 
epiglottis (Ep'f-glQt'Ia): a thin plate of 
cartilage in the throat. It opens 
to allow air to enter and cIobob to 
keep out food (p. 72). 
equator (ft-kwii'lffr): tho imaginary 
lino around tho earth, half way 
between the North Pole and the 
South Pole (p. 153). 
equatorial calms (fi'kwd-to'rl-dl): the 
great band of rising air near the 
Equator (p. 152). 

equilibrium (e'kwl-llb'rl-iim): balance 
(p- 2). 

equinox (o'kwl-nftks): the two short 
periods, in Bpring and fall, when 
the perpendicular rays of the sun 
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full a^,,»VA3Sft 

«BCt SU-*«>» •zgZtS'JSftST 

“ ■- — 1 — filament (f fl'd-mSnt): the threadlike 

1 wire in an incandescent lamp 
(p. 364), in a vacuum tube (p. 624), 
in a flower the stem of the stamen 
(p. B77). .. 

filter, a device for straining liquids, 
or for purifying water Cp- 132), 
filter beds: beds of broken stone, 
sand or gravel, used in Bewaga 
disposal (p. 128). 

focus (fO'kfis): the point at which 
rayB of light or heat meet (p. 360). 
food constituents (kta-stlt/g-Ms) ‘ 

1 the six fundamental substances 
in food, viz., carbohydrates, fats, 
proteins, water, mineral matter, 

ir ( &W:'V t««lf «* 

made M to removo am from any^i urn ^ & of ona 

foot (p. 370). 


causcd alao liy winds, ocean cur- 

^wna^lMOf'd'K® 8 ) 1 tlic KU ' lot| 
“"fX toough which food passes 

*StfSoh eonneott tho inner car 

wi^ TvftpVrSshfin): the 
eV cCgoo£ a liquid or a solid to a, 

u outi 


K to which It IB attached 
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{oot°p<^ndB: thB amount of work 

_tn nrfivent the defitruc- 


•eastK^S 

freezhiglHihito wjUnr^Wfand 

i ^JhtednM^ tff condition of 
,ft thK?o Si which light^raynfocuo 
behind tho retina (P* >166). 

i"®®”'” ” et 

»S 53 ft*S 

by tho reproductive organB IP 
fertilizer a substance 


forests destroyed by erosion or fire 

Ice of to world as ore found, 
more or less turned to minerals, m 

■‘gSJ ! -SS§-j£ 

I suction, compresswn, power 

and exhaust (p.6 5 ^ { loudB 

lagElS^SU " 

tnoity, the ra electricity 
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which opposes an effort to slida or winch excrete waste, os the sweat 
roll one surface over another glands (p. 401), 

(p. 430). gluten (gloo'tfin): tho adhesive sub- 

fuel value of foods: the value of foods stance in flour (p. 198). 
in producing energy. It is meas- granite (grttn'It): a common igneous 
urod in Calories (p. 228). rock (p. 169). 

fulcrum (fOl'krfim): tho support or gravitation (gravO-ta’shlin): the force 
point about which a lever turns of attraction existing between all 

(p. 432). the different objects, great and 

fuse (fuz): in electricity, a pieeo of email, that eomposc the universe 
metal having a low melting point. (p. 308). 

It is placed in an electrical circuit gravity (grav'I-tl): the force of attrac- 
as a safeguard in case too heavy a tion that tends to pull all bodies 

current is passed through the oir- toward the center of the earth 

cuit(p. 319). (p. 308). 

fuselage (fa'zB-lAj): the body of an gyroscope (jl'rfl-skSp): a heavy 
airplane to which wings and tail rimmed flywheel capable of rotor 

unit are attached. It contains tion at great speed so mounted as 

space for pilot, passengers, and to allow movement when set at 

oargo (p. 29). different angles. 

gyroscopic stabilizers (jl-rfl-skCp'Ik); 
galaxy (g&Mk-sI): an immense clus- devices built upon the principle of 
ter of stars, such as that compos- the gyroscope to give steadineBB to 
ing the Milky Way (p. 297). ships or to airplanes (p. 635). 

galvanic electricity (eil-vitn'Ik): an 

eleotric current produced by chcm- helium (he'll-fim): a non-inhomma- 
ical action (p. 462). ble gas used for filling balloons 

gaseous state (gfte'6-fia): in the form (p. 24). 

of gas or vapor, _ heredity (hfi-rtkW-tl): the continuance 

gastric juice (gas'trlk) (joos): the from generation to generation of 
secretion in the stomach which similar traits (p, 687). 
plays a chief part in digestion Hertzian waves (hBrt'sI-dn): a name 
(p. 253). for wireless waves (p. 506). 

gauge (g&j): instruments used to in- hibernate (hl'her-nfLt): to pass the 
dicate steam pressure, the amount winter in a state of sleep or in- 

of water in a boiler, etc. (p. 392). activity, as certain animals and 

gears: cogwheels (pp. 441 and 562). plants do (p, 02). 

geology (jo-51'6-jI): tho science which hieroglyphic (hl'iSr-ft-gllMk): the sym- 
treats of tho formation of the earth bols used in the picture writing of 

and the rocks that compose it the ancient Egyptians and other 

(p. 169). peoples (p. 488), 

germ: a microscopic plant or animal highs and lows: on a weather map, 
which may produce disease (p, 94). tho "highs'’ are high-pressure 
germicide (jftr'ml-sld): a substance areas (anti-cyclones) and the 
having the power to weaken or kill "lows” arc low-pressure areas 
bacteria (p. 103). (cyclones) (p. 140). 

germinate (jflr'ml-nttt): to sprout, or hornblende(hdrn'blSnd) :ahlackmin- 
to begin to grow (p. 64). crolsometimosfoundinthecommou 

glacier (glu'shSr): a large field or igneous roek, granite (p. 166). 
river of ice and snow slowly flowing horse latitudes: narrow belts of 
down a, mountain side or over an descending air currents beyond the 

extensive area (p. 176), _ ’ trade-wind belts (p. 163). 

gland (gland): organs which secrete horse power: the unit of powor bo- 
fluids to bo used in the body, such lieved to bo possessed by a horse, 
as the salivary glands (p, 261) j or It is the rate used in measuring 
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work done, and is equal to.33,000 
pounds lifted one foot m one 
minute (P- 5(14). 

humidity (h.fl-mld'1-tl)the percent- 
age of water vapor in the air (p. 
83) 

.humus (hd'mfis): the dark rich sod 
produced by the decay o animal or 
vegetable matter (p. lbH). 
hvdro-electric power; electrical 
power produced by water power 

hv^ogen'(hVdrfi-jftO; one of the 
elements] and the lightest sub¬ 
stance known. It is an inflamma¬ 
ble gas, colorless, odorless and 
tasteless (p. 47). . 

hydrometer (hl-dr»m'6-tEr): a floatr 
ing instrument used to determine 
the density of liquids (p. 458). , 

hydrophobia (hRlrrt-fO'bl-a). an in¬ 
fectious disease occurring ehiefly 
among anim&is of the dog family; 
rabies (p. 21(1) ; . ,, 

hydroplane: an airplane equipped for 
taking off from or lauding upon 

hygiene fe'iMn)'. the study of the 
care of the body (p. (38). 


Igneous rocks (Ig'nft-fis): those formed 
by the hardening of hot molten 
matter (p. MO). . 

Image (Itn'Hj): the picture of an 
object obtained as m a mirrorl&o 
surface liy reflected light (p-.346). 
immune (l-mttn'): free from a disease, 
or protected agaumt, it (p. 08). 
incandescent (tn kdn-dWSnt). white 
hot, or glowing with intense heat, 
as the filament in an electric light 
bulb (p. 303). , ... 

incisor (In-sl'zcr): a tooth.with a 
shar| edge suited for cutting food 

hXed plane: a sloping surface; the 
basic principle of many simple 
machines (p. 444). 

Indestructibility of matter (In'dfi- 
strBkt'I-litl'I-W): the law states 
that although matter can be made 
to change its form it cannot be 
destroyed (p. 55). 

induced current: a current of eieo- 
. tricity produced by moving a con¬ 


ductor in a magnetic field, as in an 
electro-magnet (p. 466). 
inertia (in-fo'shl-a); the tendency of 
a body at rest to remain at rest, 
and of a body in motion to con¬ 
tinue in motion unless acted on by 
some outside force (p. 431), 

Infection (In-fSk'Bhdn): the “catch¬ 
ing 11 of a disease through germs 
taken into the body either by con¬ 
tact with a diseased person or by 
eating or breathing germ-bearing 
air or food (p. 100). 
inhale (fn-hav): to breathe in (p. 

72). 

inoculate (U-Ck'ft-lat): to inject cer¬ 
tain subetanoeB into a living thing; 
such as is done to protect against a 
serious attack of a disease by put¬ 
ting into the body organisms that 
produce a very mild form of the 
disease (p. 132). 

Insulation (In'sh-la'shfin): in elec¬ 
tricity, the material used to cover 
wires carrying current (p. 310). 
Insulator (In'sft-l&'ter): any sub¬ 
stance through which heat or 
electricity posses only slightly or 
not at all (p. 455). 
internal combustion engines: engines 
in which fuel-like gasoline or crude 
oil’is oxidised in the cylinder in 
which the piston operates (p. 658). 
intestine (fo-tfa'tfn): the lower part 
of the food tube (p. 262i), 
iris (I'rlB): the colored port of the eye 
(p. 355). 

irrigation (W-g&'sMn) :the supplying 
of water to arid lands by means of 
canals and ditches as an aid in 
agriculture (p. 183). 

Isobar (I'sS-bdr): on weather maps, 
the continuous lines passing 
through points of equal air pres¬ 
sure (p. 158). , ,, 

isotherm (l'u6-tMrm): on weather 
maps, the dotted lines passing 
through points of equal tempera¬ 
ture (p. 158). 


jute (joot): a plant fiber used in 

making burlap; also m some carpet* 

and rugs (p. 409). 

| kilocycle (kH'W'k’1): in radio, the- 
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unit of frequency of 1000 cycles per 
second (p. 512). 

kilowatt hour (kll'0-wfi t): tlic amount 
of work done in one. hour liy one 
kilowatt, or 1000 watts (p. 361V). 
kindling point: the temperature to 
which a substance must ba raised 
to make it burn (p. 50). 
kinetic energy (kl-nBldk): the energy 
possessed by bodies in motion 
(p. 287). 

laboratory (Iftb'fl-m-tO-rf): a place. 

where a scientist does his work 
. (p. 47). 

lactose (Iftk'tfls): the sugar of milk 

(p. 228). 

larva (Uir'vd), pi, larves (lilr'vf): the 
wormlike young of insects (p. 501). 
larynx (Iftr'Irjks): one of the organs of 
speech; the voice-box or Adam’s 
apple (p. 485). 

latitude (Utt/I-ttld): the number of 
degrees north or south of the 
Equator (p. 307). 

lava (Ift'va): molten rock thrown out 
by a volcano, or such rock after 
hardening (p. 160). 
legumes (lCg'Oma): sueli plants as 
peas, beans, clover and alfalfa 
which bear their seeds in pods 
(p. 278). 

lens: a transparent piece of gloss so 
curvod as to refract light in n cer¬ 
tain way; the part of the eye which 
focuses light upon the retina 
(pp. 350, 356). 

lever (le^r): a rod free to turn 
about a point called the fulcrum, 
and in which there are two or morn 
points where forces are applied. It 
is used to exert pressure or sustain 
weight (p. 438). 

lignite (Hg'nlt): brown rookliko coal 
formed from fossil peat (p. 370). 
lines of force: imaginary lines indi¬ 
cating the outline and area of 
a magnetic field (p. 464). 
litmus paper: paper colored by blue 
dye obtained from certain lichem. 
It is turned red by acidB and re¬ 
stored to its original color by 
alkalies (p. 180). 

loam: soil in which clay, sand and 
tiumus are combined tp. 181). 


lode stone: the ore nailed magnetite 
It is a natural magnet (p, 408 ), 
loess (liVftO: a deposit of fine loam, 
produced by wind action (p. 178), 
longitude (lftu'jl-ffid): the number of 
degrees east or west of the prime 
meridian (p. 307). * 

low: a renter of low air pressure- 
a cyclone fp. 150). 
lymph (llmf): blood minus its red 
corpuscles (p. 25!)). 

maggot (initg'flt): the larva of certain 
insects (p. 177). 

magnet (uidg'nM): a piece of steel or 
iron to which properties have been 
iinnnrteil that make it attract and 
hold to itself bits of steel and iron 
(p. 453). 

magnetic pole (mflg-npt'lk): the two 
ends of a magnet, positive and 
negative (p. 401). 

magnetism (mSg'nM-Vm): lluitforce 
in nature which magnets oxcreiBe 
in attracting iron mid steel (p. 182). 
magnetite (mflg'nM-ll): an iron ore 
with magnetic jirojsTties, some¬ 
times culled “ hall-stone” (p. 463). 
malaria (iiwi-Ifi'rT-n): a disease spread 
l»y the anopheles mosquito (p. 508), 
matter: anything that occupies epaco 
and has weight, (p. 0). 
mechanical advantage: same os 
efficiency. It. means aliilily to 
accomiihsh work will: a minimum 
of effort. It is afforded by the two 
simple machines - the lever, anvl 
the inclined plane ■ - and by all the 
complex machines made from com¬ 
binations and variations of these 
two (p. 432). 

medulla (mO-dfll'ii): the bundle of 
nerve centers and film™ which 
connect Dm bruin and the spinal 
cord (p, 5!)U}. 

medullary rays (mPd'ft-lft-rl): the 
rndiuling plates of tissue in tho 
stems of certain plants, Hern in tho 
transverse sections of wood (p.331). 
megaphone (mPg'ri-fSn): & device 
that magnifies sound or directs it 
in a particular direction (]>. 34), 
membrane (mPm'britn): a thin pli- 
aUe layer of animal or vegetable 
(■issue (p, 07). 
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mercurial barometer (infr-ka'rf-41): 
an instrument employing mercury 
to measure thn pressure of the air 

meridian (mfi-rid'Wn): imaginary 
lines drawn on the earth’s surface 
directly from the North Polo to 
the Sflhth Pole (p.:««)), 
metamorphic rock (mPt'«-mArtflk): 
rock which has been changed from 
one kind t«* another, by great 
pressure, nr by the action of heat 
or of heated water (p. 171). 
meteor (me'tf-flr): a “ shooting star” 
(p.303). , „ . , 

mlia (mt'kri)i one of the minerals 
composing granite (p. 1(19). 
microfarad (mt'krii-filr'ild): tho tml- 

lionlh part of a farad, the unit of 
electrical capacity (p. 613). 
microphone (ml'krWfln): in radio, 
the part of a sending set which 
receives the sound waves that arc 
to lie broadcast (pp. 490, 510). 
microscope (ml'krft-skap): an optical 
instrument with lenses which 
magnify minute objects so that 
they become visible (p. 07). 
microscopic organisms (tnl’krS- 
skflpdk): organisms ho minute as to 
be invisible except under a micro¬ 
scope (p. 203). 

mirror (mIr<Cr): any smooth or 
polished surface, such as gloss or 
water, that forms images by the 


motor (mo'tSr): a machine whose 
object is to obtain motion (p. 666). 
mucous membrane ■ (mtL'kfls); the 


tive systems (p, 97). 
mucuB (mtt'Ma): the secretion pro¬ 
duced by the muoous membrane 
(p.96). 

narcotic (nar-k5Wk): a drug that 
tends to deaden or paralyse bodv 
tissues (p. 261). 

near-sightedness: that condition of 
tho eye in which light rays focus in 
front of the retina (p. 366). 
nebula (nKb'b-li.); pi. nebula (n&y- 
tt-lo): cloudlike luminous bodies 
seen in the heavens (p. 268). 
negative, in photography: the film 
developed by chemicals, from 
which prints are made (p. 361). 
negative charge (nCg'd-tlv): the kind 
of electric charge in oertain sub¬ 
stances or in the cathode of an 
electrical apparatus (p. 454). 
neon (nB'Bn): one of the gases in the 
air. Used in modem elBotrio adver¬ 
tising signs (p. 11). 
neutral substances: those that are 
noither acid nor alkaline. For 
example, table salt (p. 421). 
neutralization (ntt'trtfl-I-zS/shiin): 
tho process of counteracting an 
acid by an alkali, or vioe versa 
(p. 417). 


nifleution of my« of light, (p.'34fi). nichrome (ntoom): the allov of 
lxture (intks'tnr): a blending of nickel and chromium, of which the 


mixture (mtks'tnr): a blending 
several sulmtann* without change 
in the chemirtd make-up of any oE 
them (p. 45). Cf. Combination 
molar (rriO'kir): a toolh with threo or 
more points (p. 251). . . 

mold: a vegetable organism that 
grows on different forms of organic 
matter, especially when damp or 
decaying (p. 2M). 

molecule (mflWl-kQl): the smallest 

E art into which any substance con 
o divided without causing a chem¬ 
ical change. v , , 

monoplane (mfin'ft-pl&n) : an airplane 
having only one pair of wings 

(p. 28). 

motion (mtysliCn): the act of chang¬ 
ing place or position (p. 429) 


wires in electric irons are frequently 
made (p. 475). 

nimbus (nlm'bfis): the general term 
for any cloud from which rain or 
snow falls or may fall (p-145). 
nitrate (nl'trat); certain substances 
containing nitrogen in chemical 
combination (p. 278), 
nitrogen (nl'tr6-]8n): an element, one 
of the most important gases in the 
air (p. 46). , . . 

nitrogen-fixing bacteria: the bacteria 
filling the nodules on the roots of 
certain, plants. They form the 
nitrates necessary te living plants 


noi 
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idule (nfi'dSl) ; tiie thickened lumps, 
the roots of legumes (p. 279) . 


on 
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non-conductors: Bubatann* in which 
electricity, or heat, flows with 
difficulty or not at all (p. 455). 
nucleus (nfl'klA-flu): the denser part 
of a cell, usually central, which 
regulates life activities (p. (17); 
the center of an atom. 

opaque (6-pilk'); not permitting light 
to pass through (p. 344). 
open hearth process: the process of 
making steel hy melting cast iron 
(p. 328). 

orbit (ftr'bll): the path of a heavenly 
body around a larger one (p. JUKI), 
organ (fir'gdn): a combination of 
tissues in animals and vegetable* 
doing a definite kind of work 
(p. 70). 

organic: having to do with material 
that has life or that was once part 
of a living thing (p. 275). 
organism (dr'gdn-Iz'm): any liody 
made up of living tissues, 
osmosis (Aa-mO'aTu): tlm passage of 
a fluid or a gas through a mem¬ 
brane (p. 271). 

ovary (5'vd-rt): in flowers, the en¬ 
larged port of the pistil. It con¬ 
tains tho ovules (p. 577). 
ovule: the egg cells of plants, 
oxidation (Ak-sl-du'slnln): burning; 
tho uniting of oxygen with another 
Bubstanee (p. 51). 

oxide (Ck'sld): any substance formed 
when oxygen unites with any other 
(p.fil). 

oxy-acetylene flame (8k'sI-ii-85l'I- 
15a): the flame from a torch burn¬ 
ing i oxygen and acetylene gas I 

oxygen (Ck'afi-jUn): one of tho ele¬ 
ments, and one of tho most im¬ 
portant gases in tho air (p. 51), 

pancreatic Juice (plln-krfe-Itt'Ik): the 
most important secretion in the 
intestines (p. 253). 
parallel (p&r'i-lEl); electric cells con¬ 
nected in that arrangement in 
which all positive poles are joined 
to one conductor and all negative 
poles to another (p. 457). 
parallels, on earth's surface: im 


Rurface parallel to the Equator 
(p. 30ft). 

paramecium (pilr'n-me'shl-am): a 
one-celled microscopic animal 
(p. 73). 

parasite (p5r'u-sif.): a plant or animal 
living on or inside another plant or 
ammo) (p. 211). 

pasteurization tpus'tfT-t-zil'shfin): the 

process of destroying disease-pro¬ 
ducing Ittrferin iintl of checking 
the multiplicntinn of bacteria in 
fluids by heating ami thru cooling 
to the projsT tcmiH‘ratures (p. 

Pelton wheel: a wafer wheel rotated 
by a stream of water forced at high 
pressure into buckets on the rim 
(p, 570). 

pendulum (ttPit'clJl-Ifiin): a liody so 
aus[H*ndcd from a fixed point as 
to swing freely fp. 447). 
penstock (pflu'Mtflk*): a closed pipe 
for conducting water to a water 
wheel or water turbine (p. 507). 
pBpsin f|K“p'sJn): an enzyme con¬ 
tained in the gastric juice, the 
secret ion in the stomach (p. 253). 
perihelion (itfr-I-hc'lMn): tluit point 
in tin* orbit of a heavenly liody 
which is nearest the sun (p. 304). 
permanent magnet: onr made by 
nibhing a hiihatone or im iron 
magnet ulong a picrc of hard iron 
(p. 401). 

perspiration (pOrtyil-rli'shfin): liquid 
waste mat ter given off through the 
sweat glands (p. 404). 
petals (pPt'dls): the colored parts of 
a flmver, They enclose (lie parts 
engaged in making seeds (p. 580). 
petroleum (pfMnVlf-uni): crude min¬ 
eral oil nmiml by drilling into the 
earth (p. 3(41). 

phases of the moon: thu different 
positions of the moon, and the 
amount of its illumination at 
various stages during its revolu¬ 
tion around tho earth (p. 301). 
phenomena (fft-nSm'6-n«) pi. of 




or events which can he observed by 
the senses (p. 2(4). 
honograph (W'nft-grM): the talking 
machine (p. 38). 
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ntinaohorus (ffla'f: one of the 
P three most important mineral elc- 
S, It enters into the (tomnon- 
S of every cell (np. 47, 22sl. 

■ u^leetrlc cell: the electric cell 
in talking motion .pictures, 
Shotography, .television, etc. 

It gives out electrical current cor- 
raipnntUng in mtonrn y ‘lie 
Halit which rtiiM*hroi it (p. *m01 « 
rhntosvn thesis (fiVtA-fln'tliNBfe) j tlic 
ph nraeres inplants, of making 
carlsihyJrate ionite through the 
Mtion of sunlight on the leave® 

change {ffen-kfll>: a physical 
^change is mm in which there is no 
’chemical change, or rearrangement 
of elements (p. sol* . . 

nhvslcs (ftz'Ikn): the science that 
treats of heat, light, ^unl.clcc- 
tricitv and mechanics (p. 3 S)m}. 
ohvstology inr/t-01'ft-ji): the science 
ph ffi treats of Ihe use and working 
of different parts of the body 

nJfli tots'tilV. the part of a flower, in 
f* the center, comprised of the stigma, 
the style and the ovary. H« tone- 
tion is to make wyds (p. sso •, 
nigton (pls'lkn); a disk made to aids 
P back and forth in a cylinder, os in 

ATSS’ffUv^bodfc. 

P revolving in an orhit around the 

lEXBtn-i thj flttuldeolorlraa 
P part of the blood * which the 
corpuHulws flimljp. 70)- . ■ 

cleuiococcuB (iilou rft-kOk ftn)* ft mi 
P cSpoHfthcrical green omvc.nllcd 

plumb toe'^ a 'cord with a weight 

P hanging to it. Used to determine 
when walls are exactly perpcndicu- 

pneumonia (nfi-mfluM)/ £ 1 d X B °ln- 
the lungs characterized by in- 

flammation (p. «*). . . 

poles! the extremities 
"^electricity, the opposite ends of 
a magnet, one of which is charged 
wKsitive and the other with 
negative electricity (PP- 3 ^' 
pollen (pftl'Sn)'- tbo mass of mioro- 


seopie spores in seed plants pro¬ 
duced m the Btamens of the 
flowers (p. 581). 

pollination (phlfl-nSshiin): the trans¬ 
fer of pollen grains from the an¬ 
thers of the stamenB to the stigmas 
of the piBtila (p. 584), 
positive, in photography: the print, 
made from the developed film 
1 (p. 351). 

positive charge: in eleotnoity, the 
charge borne by the anode (p. 

454). 

potential energy (p6-t8n'ah41): energy 
stored up because of the position 
of an object, as a watchspring 
CP- 289). . .. 

power: energy; capacity of doing - 
work (pp. 288,565). 
precipitation (pr&-sfp'I-t6 , shiin): the 
fall of rain, snow or other form of 
condensed water vapor upon the 
earth's surface (p. 150). 
preservative (prft-zOr'vrirtlv): salt 
and certain chemicals used to 
preserve foods from the attack of 
yeasts, molds andbacteria (p. 207). 
pressure gauge (prSsh'Or gaj): a de¬ 
vice for Bhowing steam pressure m 
heating systems or steam engines 

prevailing "westerly winds, belts of: 
belts on the earth’B surface char¬ 
acterized by alternate storms 
and fair weather— lows and 
"highs” (p. 163). , 

preventive medicine (pr6-v8n'tlv). 
the science of medicine t» applied 
to the prevention rather than the , 
e,ire of disease (p. 593).. , 

prime meridian: the meridian marked 
P zero, from which longitude is 
measured (p.306). ... , 

prism, glass: a piece of solid mass, 

I ** with several flat sides, Used te , 
demonstrate refraction of light ^ 

pwfelft't6-to) ; a food constituent ' 

comprised of carbon, . 

oxygen and nitrogen, Itl8 , fo “" 

in such foods as meat audegga 

Indie essential for the growth and ^ 

repair of tissues (p. 224). , . •,«: 
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which carry positive charges of 
electricity (p. 452). 
protoplasm (prtvt 6 -plR»’m) 1 the liv¬ 
ing mutter composing the most 
important part of ccIIh (p. fill), 
ptyalln (tVtt-lIn): a sulwtnnre in the 
saliva which causes the. elionge of 
• starch Into grajm sugar (p. 253). 
pulley: a grooved wheel, inside a 
block, which in turned by the pas¬ 
sage over it of a rope or curd 
(p. 441). 

pulmotor (ptil'mO'tfr); a device for 
the artificial pumping of air into 
tha lungs and nut of them. Used 
to restore, respiration (p. 70), 
pupa (pQ'pd): the young of insects 
when in the inactive stage of 
development (pp. 411, 501). 
pupil (ntVpU) of eye: the adjustable 
circular opening in the eye. through 
which light passes to reach the lens 
(p. 355). 

quarantine (kwiir'dn-t5n')i the isola¬ 
tion of persons having a com¬ 
municable disease (p. 02 ). 
quartz (kwfirta): one of the minerals 
composing granite (p. 1(19). 
quartzite (kwflrt'stt): a rock in which 
eand grains are cemented together 
and hardened (p. 171). 

radiation (rfi'dl-S'shfin): ihe rnnis- 
aion of rays Buch as light or heat 
(p. 382). 

radiator (rfi'dl-fi'tBr): a nest of pijHvt 
containing circulating steam nr 
hob water, aa used in heating 
systems (p. 300). 

radio (rft'dwS): wireless communica¬ 
tion (p. 501). 

radioactivity (ffl'dl-Mk-tlv'r-tl); 
the breaking up of certain ele¬ 
ments into minute particles, 
thrown off at high velocity (p. fifi). 
radium (rB'dl-im): a radioactive 
metallic substance which gives off 
heat continuously (p. 5 ( 1 ). 
ramie (rttm' 6 ); the. hast fiber of an 
Asiatic plant, capablo of use in the 
same ways as cotton, flax and silk 
(p. 409), 

rayon: artificial silk, made from cot¬ 
ton waste, sawdust, etc, (p. 412). 


rsceiver (rfi-s)*v # Ar): f he part of a tele, 
phone nr ratlin instrument that re¬ 
ceive* sound waves (pp. > 100 , 504 ) 
reclamation projects (rPk'Id-mjfc 
sinine the public works for irrigo. 
t ion | itir|KW(t in aridifgionsfp. 183) 
reinforced concrete (rt'Cu-fors'): 
pimi-retc in which metal rods or 
win* mrsli are rtiibeilrlnl (p, 32 s) 
reflection frMtAk'nhfti): the turning 
luck of light nr nr»mitl waves from 
any object, (pp. 33, 311). 
reflex actions: those that arc per- 
binned largely without, the aid of 
the bruin tp, 590). 

refraction (rA-frilk'shrm): the land¬ 
ing of light waves in panning from 
one transparent, snlmtance into 
another fp. 317). 

refrigerator frMrtj'AM'IAr): an ap¬ 
paratus for keeping food cool to 
jirotc*et it ngniimt ajmiling (p. 473 ). 
relative humidity (rM'rf-tlv): the 
per eent of water vapor in the air 
tut rnnipnml with that which it 
euitld hold if saturated (p. 88 ). 
reproduction (re'prfi-ilftk'shfm): the 
prenew in nniiimls iuid plants by 
which seeds and eggs art; produced 
(pn. 2711, r.7!ll. 

repulsion (rP-pnlothfin): the tend¬ 
ency of like jades to drive each 
other away; the opjxwito of at¬ 
traction (j>, HU). 

reservoir (rfr.'fr-vwAr): a plat e where 
wider is rolleeted and stored for 
use tp. 211 ). 

resistance (rt'-iflWtTna): n force, tend¬ 
ing to jirevent motion (p. 43(1); 
tipjaisititm to the pasaagp of elec¬ 
tric current (p. 3(13). 
respiration (rlWjiI-rtWhfiri): the proc- 
easof breathing by tin animal or a 
plaul (jt. 73). 

retina (rPt'f-nri)’. the nerve tissue at 
the bark of tin: rye on which light 
rays an* focused (jt. 355), 
revolution (rAv'Wtl'alifiu): annual 
circuit of the. earth in its orbit 
around the sun (p. 303). 
root pressure: tin: force exerted in 
the root-hairs of a plant by which 
material is taken in from the sur¬ 
rounding soil <p. 272). 
rotation (rft-ta'ahfin): the daily Bpin- 
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ninn of tin', earth mi itB axis (p. 
303); the nltcTriftf imi uf mips year 
by year on any plot of land (p. 

rouzhage (rtlf'fij): fond containing a 
large proportion of cellulose (p. 
221 ). 


safety valve: oil a steam boiler, a 
valve, allowing steam to escape, if 
the nresHiire Inrnines too great for 
safety (p. BOB)- 

aal-ammoniac MM-mfVnt-Sk): the 
most import ant material m the 
paste contained in a dry cell (p 

saliva (wi-ll'wi): the digestiv« juice 
produced by the mouth glands 
(p. OB). 

sanitary survey (n5n'T-l!t-rT): exami¬ 
nation of a building or community 
to ascertain hygienic conditions 
(p. 1(W). , , . . , 

satellite (sftl'Mtt): in the soltu sys¬ 
tem, a smaller body revolving 
around a larger one; a moon 
(p, 300). , ... 

saturate Mt'fl-rfd): anything is 
saLurated with a siilislanen when 
it has absorbed as much of it as it 
will hold fp. M2). 

scientific attitude fsl'fti-llMk): the, 
way in which a scientist thinks 
about problems and earrieson ex¬ 
periments (ji. 81. . . 

secretion (s^-kre'slifin)! the juices 
discharged by cells that servo some 
useful purpose (p. ’.’.et). 
sediment (wil't-in'iit I: undissolved 
siilistanco a ‘Writ set lies to lli« lml- 
tom from a liquid. 

sedimentary reck Wd'f-mfti'ta-rl). 
these are formed, in the course of 
time, by the material deposited by 
flowing water (p. 170). 
selection (sMok'shBn): the prmlue- 
tion of varieties of animals and 
plants suited to exist in a particu¬ 
lar-environment, (p. .wt»). 

selectivity (sfi'lPk-llv'T-tT): the abil¬ 
ity of a radio receiver to tune in on 
one broadeasting station and to 
shut out others (p. S22). 
self-pollination: in (lowers, the. fall¬ 
ing of pollen upon the stigma ot 


the same flower in which, it was 
made (p. 685). 

semaphore (sBmiflrfOr); a signaling 
device with two movable aims 
(p. 487). 

sepal (sG'pSl): the outer gieen part of 
a flower. ,The circle of sepals is 
called the calyx (p. 577). 
septic tank (sSp'tlk): ail underground 
tank in which sewage is made 
harmless through the notion of 
bacteria (p. 120). 

sewage (Hil'fLj): waate matter drained 
from toilets and streets through 
sowers (p. 125). 

shale (slu'd): a fine-grained rock 
made of hardened olay (p. 170). 
siphon (sVffin): a bent tube used for 
forcing a liquid from a higher level 
to a lower one by means of qir 
pressure (p. 21). 
soil bacteria: bacteria whioh are 
found in- soil, such as those that 
produce decay and so change the 
humus in soil (p. 177). 
solar system (sO'lnr): the eun, stars, 
plnnots and satellites (p. 209). 
solstice (sOl'stls): the dates, two 
each year, on which the vertical 
rays of the sun fall (1) on the 
Tropic of Cancer or (2) on the 
Tropic of Capricorn (p. 304). 
solution (BO-lH'shfin): a liquid m 
which a solid or a gas has dis¬ 
solved (p. 160). 

solvent (sOl'vJnt): a liquid oapable 
of dissolving substances, 
spark plug (spiirk): in a gas en¬ 
gine, the electrical device that 
ignites the vaporised fuel (p. 669). 
specific gravity (sp6-Blf'lk): the num¬ 
ber of times a given volume of any 
Bubutancc is heavier than the 
weight of an equal volume of 
water (p. 542), . 

spectrum (sptlk'trSm): the band of 
colors into which sunlight is 
broken up when passed through a 
triangular glass prism (p. 348). 
spermatozoa (Bpfir’ma-tO-zO'a) pi. ot 
spermatozoon: the sperm eellB of 
animals which axe necessary to 
fertilize egg cells (p-583). 
spontaneous combustion japon-ta/- 

n 6-us): fire produced in a sub- 
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{? ul «jon >£': * t ^ii«ft k r ' A!: 1 | ,,,,M, ' rr lBed « » 

tton of Lhr wiNilAtiirr tlerlf (p. 325). 11 

l,ny r 1 ^- ih. m XSr^f neck of 

MS® 11 ^* urh ^ 

•tabOity (Sta-blM-tf): stele rf hriiw j K n . , L , ‘' 1 '•» ran fiL* 

swa&v,- -* gstataisS 

55TftTaa£ 

$.& —« ■»■--.■>.flfaiJft spa,, « 

steam cheat; in a ataam rmai n « ,u„ .JJ* <jt. Ikji. I mtlon 

chamber from whwh f W ! ,rh:: > rtwlrirfcy a dc 

I 't^p.sr w hUia * 8 

from disease liaeteri^frMmi * y [ nbo1 '"I'w'Mi: the letter nr com- 
stethoscope (alcTh'Slgi: 1 ?’- J S«*-'«*H»V»"Wl 
atrumont used to convey to the oPpI^m.T? m V2!* 1 * t!lc Mama 
ear sounds of the body. „ f \Z 0f *P- ’»■)• 

telegraph Bn dt . 

fttW o a flower alffij "w® 

the poUen grain* and onThrh £"* * * irn alta? 

they germinate (ji. 5si) j "".Tv oinking and breaking a cir- 

•ttniilaat (allm'ft-Idni): n liritg whirhi teim'iL **’ fll’-, 
taa a quickening efTtiuln the I : nn do- 

A?“t a„d the nervous syau'in i t W * , ' ,, ‘liiig and receiving 
(p.250). “* By * u,ln wnmls over n w irr by means of an 

?hJfi (8ta,Rl ^ :tt mimitc opening in t.toI'7 J l!:" r C' ,, ‘ 

tha leaves of plains IhroiiK ?j, teI *PtoolOKrjipby t IflgrnMl)! 

S8W A a wtaa SS^g? >*'«• aW 

'•“Pi* (atQm'fik)': the onnrn in Wm * 0 * 1 * M'Hcftji): »„ optical 
whieh the early stages of d'iaeshVm lrw,r umrnt with lenses for viewing 

„ P T after food tobeen oihlfr ?' ,tlK ’VF'"'*' 'wlira anS 
swallowed (p. 252). u ® en , «*»? distant object* 2tMU 

8t °W ^ttery (stflr'ij): a collection .^ sio ? t <*MWrtta": « wing 
of electric ceils charged km™ ft i ft ilisnuiet*." The u». 0 r t |.„ 
diroot current. PhoMmrir rdland «Lia 

? VRn,r »MH« to convey sight 

8 » *, «Tp. r sr i,,wr,u,u,fonvey8 

jffi) 10 t *“?f r *! urB (WmTjJSrHd-tnr): degree 
: low* hori- Cp.^T C ° ,d 1 “' !tl by 11 BuU8tft noe 
(P- W).. temporary magnet . (tem'i 
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kept in the field of a permanent 

. : in eleetrieity, 

« l r nmtal part, of a edl or 

oKnlectriml device towh.chthe 

■ pwl hw oonwc'ti'd (p. 457). 

terrestrial meridian (W-rPa'trt-tfl): 

‘Meridians tm the surface of the 

HiOTiMUt (thilr'inh-rtM): a device 
rcRulannn; heat uutomatirally 

tiasue^lfah'fO ’• a nm * ," f ql tllG 

“game kind, and « om« the name 

kind of work (p. 70). . 

toSuet (tmiriiiT-km); a device 

“Cd to atop bleeding from a 

tnrin U a5k'»in)^'n ptiiaon produced 
'f (^ bacteria of disease during 

their growth (p- W). . . 

trachea ftra'kft-ri): the wind pipe 

tracheldil rft'kMd)I: in aoft wood, one 
of the large veils or ducts that 

>>ia r. aj.i r.h 


fjl MM K". 

carry wftUtf (!>■ . ,, » _ 

trade windsi wind cuitMil# 
northeast and muIIm*. toward 
the. Equator from this tropical hilts 

transformation of energy (trftna'- 
fflMiiiVsIifln): tlf eliange of 
energy from ont* lonti to another 

truifomer 2 ' K, (ir#nH-f^mPrt : .<« 
electricity, a deviru for increasing 
P'atemiing up”) or decreasing 
1“ Bt<M>l>ing<ltrtvn ") tho ViiilttgO or 
pressure of an alternating current 

translucent (tritiis-lO'a&it): a auh- 
a lance through which rays ptiight 
can paw, hut through which ob¬ 
jects cannot candy las ®®ft (p- 

transmission (lr5na-tnli|h'Bn): the 
piuwaeo of heal, light, powir or 
Boiiml through any «**“« or 
device (uu. dii d-M, o|W)» 
transmitter (trftmwnlt'fr): m elee-- 
tricity and radio, a device forthe 
passing on of wave# (pp. -t-tO, nl«). 
transparent (trtlim-pnr'ftit); any sub¬ 
stance is transparent.which allovifl 
light waves to paae through it, and 


through which objects can be Been 
clearly (p. 344). 

transpiration (tr&n'epI-rS/BMin): tbe 
giving off of water into the air by 
the leaves of plants (p. 144). 
tropic (trflp'lk): the Tropic of Cancer 
is an imaginary line around the 
earth parallel to the Equator and 
23$ degrees north of it. The 
Tropic of Capricorn iB a similar 
lino 23$ degrees south of the 

Equator (p. 304).. 

tubercle bacliluB (t&'bSr-kl bo-all'- 
fis): the bacterium causing tuber- 

tobertufosFs °(tti-bhr'k<i-lO'BfB): an 
infectious wasting disease of the 
lungs (p- OB). . „ ,, .. 

tuning (tUn'lng) l m radio, adjusting 
a radio receiving set to receive 
waves from a broadcasting station 

turbine 5 (ttlr'bln): an encased water 
wheel with a special Bort of curved 
blades or buckets; also a .steam 
engine built on the same principle 
(up. 554, 867). .. 

typhoid (H'foid): a germ disease 
usually caused by certain bacteria 
sometimes present in contaminated 
water, milk, or food and spread by 
flies and the body wastes of pa¬ 
tients (p. 130). ... 

typhoon (t!-fOon'): a violent whirl¬ 
wind occurring in the Chinese 
seas (p. 280). 


ultra-violet rays (ttl'tra-vl'6-lBt); in¬ 
visible rays of the sun lying be¬ 
yond the violet rays of the spec¬ 
trum (p. 307). , ,,. — 

universe (O'nl-vdrs): things 

viewed as one system (p. 

vaccination (vitk'sl-na'ehjin): a cm- 
tain type of inoculation .for the 
purpose of securing immunity from 
a disease (p. 603). , 

vacctae (vM; any eubstanoe 
used in vaccination, 
vacuum (v&k'Mhn): a space fr^ 
which to the highest *gr»P» 
sible all air has been exhausted by 
artificial meanB (p. o*h , 
vacuum bottle: a thermos bottle or 
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}ug, which employs the principle 
of a vacuum fur keeping foods hut 
or cold (p. 3Mi>). 

vacuum cleaner: a household cleaning 
device employing suction ami the 
principle of the vacuum (p. 4ti!)|. 
valve (vftlv): a device in u till w 1 nr 
pipe by means of which the passage 
is closed nr opened (p, '2d|. 
variation (vil'rl-H'Sh&n): the differ¬ 
ence in form or quality hctvreen 
two individual plants nr animals 
of the same kind (p. 587), 
vegetation (vej'C-U'ahfiii): plant 
Rfe £p, 174). 

vein (vln): one of the tuliea carrying 
blood hack to the heart (p. 25fl). 
ventilation (vSn'lI-lii'shftn): provi¬ 
sion for changing or renewing the 
indoor air supply (p. 82). 
vibration (vl-bril'slifin): a regular 
movement to ond fro, like a 
pendulum (p. 447). 
vitamins (vl'td-mltia): minute sttli- 
stances in certain foods, whose 
composition is unknown hut which 
bto essential to health (p. 220). 
volt (v5lt): the unit by which elcclri- 
cal pressure is measured. Named 
for the Italian scientist Volta 
(p. 477). 

voltage (vfJl'lftj): the pressure of an 
electrical current measured in 
volts (p. 477). 

water cycle: the continuous process 
of the evaporation and condcnsa- 
tion of water (p. 147). 
water power: the motion energy, of 
falling or flowing water (pp. 200, 
507). 

water pressure: the force exerted by 
water in every direction (p, 118), 
waterproof: callable of resisting 
moisture, (p. 408). 

water table: the place in the ground 
where water always stands (p. 
181). 

water vapor: water in the form of gas 
or in small particles floating in the 
air (p. 45). 

water wheels: wheels with buckets 
or paddles along tlio riin used to 
develop power from flowing water 
(p. 570). 


watt: the unit used for measuring the 
work done by an electric current 
It is named fur James Watt (p, 552) 
ami represents the amount of 
work done by a current of one 
ampere under a pressure of one 
volt. 


wave-length: in radio, the distance 
from the point of greatest electri¬ 
cal intensify of one wireless wave 
to the point of greatest intensitv 
of the next (ji. fit jit). J 

weather (wffh'erl: atmospheric con¬ 
ditions from day to day with re¬ 
gard fo air pressure, humidity, 
precipitation, clouds, sunshine and 
winds ip. 17). 

weathering (ivt»lh'cr4ng): the proc¬ 
ess of breaking up and changing 
rm'ks into soil due to the action of 
the elements; erosion (u. 171), 
westerly winds twtVtfWt): the pre¬ 
vailing winds of the temperate 
mines, blowing from the west (p. 
158). 


wet- and diy-bulb thermometer: a 
device for measuring humidity in 
the air ip. KJ), 

wet cell: an eleclrie cell made from 
Bal-iuninonim’ dissolved in water; 
u. gravity veil, in which two fluids 
remain separate because of a dif- 
fereiiee in tlieir speeilic gravity 
(p. 458). 

worm drive: a screw thread and 
a cogwheel working together 
(p. 503). 


X-rays: the rava discovered by 
Roentgen. They are canned by 
an electric charge passed througha 
vacuum lube. Their wave length is 
shorter than that of light rays. X- 
rays puss llirough flesli, but do not 
pass through lame, blood, or other 
substances that contain mineral 
mat ter (p. 344). 


yeast (ypst): a mie.roseopic. plant 
which eunses fermentation (p. 
lOtl). 

zoBlogy (zft-fil'5-jl) : the science which 
treats of animals (p. 31)8). 



INDEX 

References are to pages. Both text and problems are indexed. The symbol * 
means that the page or group of pages listed includes an illustration. An 
outline is given at the end of each chapter throughout the text, 


"A" battery, radio, 520 * 

Absolute humidity, 88 
Absolute zero, 87 

Absorption, bow to remove stains by, 
416, 4 ^® 

Absorption of food in the human 
body, 351 - 36 * 

Absorption of heat, by clothing, 402 , 
406 

Absorption of light, 344 
Acetylene gas, 3<« 

Apid soil, 1 Ho; how to correct it, r 86 
Acting force, in levers, 436 - 40 * 
Adam's apple, 32,485 
Mdcs mosquito, 595 
Agriculture, importance of, 264 ; how 
birds help, 598 - 99 . See also Dry 
farming, and Irrigation 
Air, bacteria in, 90 ; circulation, a 
factor controlling ventilation, 85 ; 
circulation in refrigerators, 206 *; 
composition of, 45 ; currents in 
room heated by fireplace, 381 *; 
enclosed in clothing, 404 ; foreign 
materials, a factor in controlling 
ventilation, 89 ; relation to disease, 
2 ; nitrogen taken out of, 2 fjoj in 
ot-air furnace, 3 R 8 - 89 ; humidity, 
a factor controlling ventilation, 
88 ; how it passes into and out of 
lungs, 75 ; what it is made of, 43 - 
48 ; moisture in, 83 - 84 ; reality of, 
7 -r 3 ; in soil, r(i 8 , 176 , 185 ; trans- 
■ mits sound, 31 - 38 ; temperature, a 
factor controlling ventilation, 85 ; 
transportation Ivy, gar, 546 - 49 ; 
how volume is affected by change 
of temperature, 148 *, 151 ; water 
in, 139 - 48 ; weight of, 8 , 9 * 

Air and air pressure, 7 - 40 *; the re¬ 
ality of air, 8 - 13 ; air pressure and 
its measurement, 13 - 17 ; air pres¬ 
sure and how it is used, 18 - 31 ; air 
and sound, 3 r— 38 

Airand breathing, 62 - 80 *; how living 
things breathe, 6 , 3 - 66 ; the struc¬ 
ture of living things, 67 - 71 ; the 


breathing organs of living things, 
71-79 

Air and lire, relation between, 49- 
56 *; what the air is made of, 43 - 48 ; 
the relation between air and fire, 
49 - 56 ; how to put out fires, 56-59 
Air and health, 81 - 109 *; ventilation, 
81 - 90 ; bacteria, 90 - 103 ; commu¬ 
nity hygiene, 103-07 
Air, compressed, 19 , 22 
Air, liquid, 10 

Air pressure, on human body, 29 ; in 
cooking foods by boiling, 194 ; ef¬ 
fect on boiling point, 194 ; a factor 
in process of evaporation of water, 
142 ; measurement of, 12 - 17 ; in 
pumps, 20 , 2 i; action of siphon, 
21 ; how it is used, 30 ; relation to 
wind, 149 ; why it varies, 151 
Air-brakes, 22 

Airplanes, 2 ; altitude reached by, 12 ; 
how they fly, 27 - 29 *; history and 
description, 25 - 29 *; model, 4 ; used 
for transportation, 546 - 48 * 
Airplane engine, radial, 564 * 
Airports, frontispiece,* 548 
Alcohol, effects of, ioi, 260 - 61 ; 

made by yeaBt, 200,205 
Alluvium, 172 

Alternating current, of electricity, 
476 

Altitude, how it affects air pressure, 
12 *; barometer used to indicate, 16 
Amino acids, in foods, 224 
Ampere, 478 
Amphibian planes, 29 
Amplifier, in long-distance telephony, 
497 ; radio, 526 
Aneroid barometer, 16*, 17 
Angle of incidence, 345 
Angle of reflection, 345 
Animal fibers, in clothihg, 4 d 7i 4 J 3 
Animals. 74. 9*1 action on sod, 177; 
food from, 247! energy of, 286 ; 
clothing fibers, 407 , , ,D 

transportation, 54^1 prehistoric, 
576 ; reproduction of, 483 ! heredity, 
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variation i and selection in breed¬ 
ing, 58 , 7 - 89 , 

Annual rings, in trees, 331 *, 333 , 335 ’ 
Anopheles mosquito, 595 
Antenna, radio, 520 *, 522 , 531 * 
Anthers, of flowers, 577 *, 581 
Anthracite coal, 171 , 377 
Anti-cyclone, 159 
Antiseptics, 103 
Antitoxin, 98 

Aquarium, taking watercut by using 
a siphon, 18 
Aquarium, balanced, 6 * 

Aqueducts, iao*. I2t* 

Arc light, electric, 363 

Archimedes, < 141 , 544 

Ardois signaling, 487 

Argon, in the air, 45 

Armature, 467 , 469 , 489 

Arteries, 259 

Artesian wells, 120 

Artificial cross-pollination, 585 , 588 

Artificial ice, 473-74* 

Artificial lights, 357—71 
Artificial respiration, 73 , 77 - 78 * 
Artificial root-hair, 268 * 

Artificial selection, in development of 
plants and animals, 589 
Artificial silk, 413 *, 413 
Astronomy, 293 - 311 * 

Atmosphere, as an ocean of air, II. 
See also Air 

Atmospherics, in radio, 528 
Atom, the, 452 

Audio transformer, radio, 521 * 
Audio-frequency amplifiers, 526 
Auriga, the constellation, 298 
Automobile battery, 457 *, 458 , 460 * 
Automobile brakes, 363 
Automobile gears, 562 * 

Automobiles, danger of carbon mon¬ 
oxide, 319 ; development of, 560 *, 
561 *; how the engine works, 558 , 
559 *; transmission of power in, 

562* 

Aviation, recent aids in, 21 history of, 
23 - 27 ; aids to transportation, 546 - 
49 *. See also Airplanes, Bal¬ 
loons, and Dirigible balloons 

"B" battery, radio, 520 
Bacon, Roger, 23 

Bacteria, description and effects, 90 - 
103 ; action on food, 201 , 203 ; in 
meats, 2 IJ; in dirty milk, 209 *, 210 ; 


spread by flies, 594 ; good done m 
soil, 177 ; cause nf acid soil, 186 ' 
destroyed by sunlight, 367 ; ca use 
of decay of wood, 335 
Bacteria, nitrogen-fixing, 278 
Bacteria and dishwashing, 212 * 
Bacteria, molds and yeasts, compari¬ 
son of, 203 
Bacteriology, 592 
Balances, 437 * 

Ball bearings, 430 * 

Balloons, altitude reached by, 12 ; 

history of, 23 *, 25 * 

Balloons, dirigible, 25 *, 549 ; observa¬ 
tion, 23 * 

Barometer, principle of, 14*1 inven¬ 
tion of, 15 ; uses of, 16 — 17 *; study 
of weather map, 149 , 150 
Buttery, formed by connecting elec¬ 
tric cells, 456 . 457 *, 459 ; storage, 
45 «. 459 . 460 * 

Battery, “A and "B ’ in radio sets, 

520*, 527 

Becb, pollen earned by, 585 
Bell, Alexander Graham, 493 
Bell, electric, 466 , 467 *, 469 
Hemberg, artificial silk, 413 
Bessemer converter, 32 *. 327 , 328 * 
Betterment of life, plant and animal 
576 - 602 * 

Bicycle pump, 19 *, 21 
Big Dipper, the, 296 *, 297 * 

Biology, defined, 02 
Biplane, essential parts of, 28 
Birds, their help to man, 597 
Bituminous coni, 377 
Blast furnace, operation of, 327 * 
Bleaching, how to remove stains by, 
416,420 

Bleriot, Louis, 26 
11 luck mid tackle, 442 
Blood, cells in, 67 , 70*1 circulation 
of, 258*1 256 - 62 ; corpuscles in, 
97 * i exchanges of materials with 
body cells, 259 * 

niood vessels, kiwis of, 258 *, 259 
Bob-white, a species of quail, 598 
Body, human, air pressure on, 29 ; 
how bacteria enter, 94 ; defenses 
against bacteria, 96 - 98 ; breathing 
organs of, 73 *, 74 ; controlled by 
brain, 590 ; digestion of food, 25 t- 
56 *; temperature of, 63 , 66, 404; 
need of water, 133 
Boiled water, purity of, 128 , 132 
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Boiling, cooking foods by, 194, 195; 

temperature of water, 192 
Boiling point, 86, 87, 142 
Boy Scouts, 137, 190, 483; method 
of making fire, 54*, 

Brain, human, 589-90 
Bread and cereals, value in diet, 248* 
Bread and its making, 198-200 
Breads and fats, composition of, 
232* 

Breast wheel, a kind of water wheel, 
57 °* 

Breathing, rate of, 63, 65 
Breathing organs, of fish, 71*; of 
human being, 72* 

Bremen, German airplane, 27; Ger¬ 
man steamship, 540*, 555 
Bricks, why they crumble, 322 
Bridges, 328; as means of saving 
distance, 557 

Broadcasting station, how radio 
travels from, 508*; visit to, 509- 
11* 

Building planB and construction, 
Builling stones, comparison of, 323, 

32S 

Bulletin board, science, 5 
Bunsen burner, 385* 

Buoyancy, why some objects float 
in water, 541, 543 - 44 *. 545 
Burbank, Luther, 586, 588 
Burners, gas, 362*; ot gas range, 
386*; oil, for house heating sys¬ 
tems, 394 

Burning, air-supply necessary, 49, 
So; how gases in the air help, 43- 
45, See also Combustion, and 
Oxidation 

Byrd, Richard E,, 26, 27, 307. 501, 
531 

Cables, submarine, 492 
Cactus, spineless, 588 
Caissons, and how they are used, 
„3°*3I • 

Calcium, proportion in common 
foods, 234*; value in foods, 225 
Calorie, defined, 217, 218; daily 
needs, 245-46 

Calorimeter, bomb, used to measure 
fuel value of foods, 219* 

Camera, 351* „ 

Camera and the human eye, 349-57 
Camp cookery, 197-9® 


Camp fire, how to make, 197 
Camp Fire Girls, 137,190 
Canals and rivers, as waterways fot 
commerce, 556 

Candle, light from, 357, 360*; sub¬ 
stances produced when burning, 49 
Candle-power, lights measured by, 
370 

Canis Major, the constellation (the 
Big Dog), 298 

Canning, cold-pack method, 207* 
Capelia, a star of the first magnitude, 

Capillaries, 77, 259 
Capillarity, 272 
Capillary action, 179,182 
Capillary tubes, 179 
Carbohydrates, in foods, 223; made, 
in plants, 271 

Carbon, in burned grass, 269; in ' 
candle, 360; in coal, 377; in elec¬ 
tric lights, 363; in food, 223; in 
illuminating gas, 361; in kerosene, 
361; in radio microphone, 510; in 
telephone, 490* 

Carbon cycle, the, 275,* 

Carbon dioxide, obtaining, 44-45*; 
test for, 45; how made, 47; in the 
air, 43, 45, 66; in bread, made by 
yeast, 200, 205; given off in 
breathing, 64, 66; given off by 
germinating seeds, 65; taken in 
by leaveB of plants; 268; how it 
enters leaf of a plant, 273; as 
waste matter, 77 

Carbon monoxide, from automobile 
engines, 89,319 
Carbon tetrachloride, 58 
Carburetor, of gas engine, 561* 
Castor and Pollux, the stars, 298 
Cause and effect, law of, 283 
Cavendish, Henry, 23,129 
Cavities in teeth, causes of, 255 
Cells, in the human body, 68-7.1V 
the building units of a living body, 
68; the parts of, 69*; examined 
under microscope, 67*, 69*; as 
defenses against disease, 96*, 97*; 
oxidation in, 76; exchanges of ma¬ 
terials with blood, 259*; from a . 
green leaf, 274*; in living trees, 
333; in potato, 193; growth and 
multiplication of, 579; electric, 

- 455 , 456 *, 458 *, 459 * 

Cellulose, 69; in vegetables, 224 , 
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Cement, as cellar floor, 310 
Centigrade thermometer, # 0 * 

Central, telephone, 491, 497 *. 49 H 
Cereals, compasilioii of, 23V, as load, 
248 

Cerebellum, nf brain, 390 
Cerebrum, of brain, 590 
Cesspool, 126 

Change of state of matter, 51, 35, 
129, 141. 142, 147 . 191 - 213 . 227 . 
233 , 264-80, 327 . 35i. .V", 377 . 
452-7D. 549-52. H 7-60 
Charges, electric, like anil 1 un¬ 
like," 454 

Charioteer, the constellation, 298 
Cheese, composition oh 231*, 234 
Chemical changes, 48 
Chemical energy, 288*, 290* 
Chemistry, 46 

Chicago, water supply of, 12 1 
Chickadee, the, 598 
Chipping sparrow, 598 
Chlorine, used to purify water, 133 
Chlorophyl, 274 
Chloroplasta, 274 

Cilia, in cells of mouth and throat, 
96* 

Circuit, elec trial, 478; in telegraph¬ 
ing and telephoning, 494*, 4811 
98, See also Electricity uml 
Radio 

Circulation of air, in schoojromn. Ha; 

a factor controlling ventilation, 83 
Circulation of the blood, 258*, 256- 
60 

Cirrus clouds, 12,146*, 147 
Clay, brickB made of, 323, 324 
Cleaning and dusting, best methods, 
89 

Cleanliness, of clothing, 4rfl; rtf food, 
244; in the kitchen, 211; in mar¬ 
kets, 202 

Clermont, Fulton’s, 540*, 550 
■Climate, relation to food, 246; rela¬ 
tion to clothing 400-03*; 403 -14* 
Clipper ships, American, 540*, 354 
Clock, pendulum, 448 
Cloth fibers, 406-14* 

Clothing, in I tsrclation totheweather, 
400-06*; care of, 414-22 
Clotting, of blood, 260 
Clouds, altitude of, 12; described, 144, 
145,146* 

Clubs, boys’ and girls', ioB, 214 , 281 , 
423 


Coagulation, in tmilit.g eggs, 195 
Coal, 171*; energy from, ago; com¬ 
parison of dilfwiit grades, 375; 
sire* nf, ,377; tlie story of, 376 
Coal gas, 3X11 

Coal range, study nf, 383, 384* 

Coal tar, dyes made from, 421 
toil, radio, 321* 

Coke, how to make, 375*; as a fuel. 
. 37» 

; Cold-pack method of tanning, 203, 
1 207* 


* nld*. common, 99 
Collist inn .nuking, neve# items, 5,6o, 
loS; airplane pictures, 40; g]c- 
niints, i'om|iminil#, forms of cer¬ 
ium, oxides, ho; ris ks, minerals, 
fossils, fertilizers, ale., 187; food 
library, 238; final exhibits, 238; 
blue prints nf leaves, 2B1; harmful 
weeds, 2H1; pieturefl of historic 
houses, 337; woods, 338; leaves, 
33H; phi.1..graphic prints of differ¬ 
ent sorts, 37a j materials used for 
clothing, AJ3; simple machines, 
431; wild flower#, seeds, etc., 601; 
pictures of birds, (m2 
Color, of stars, 297; why objects have, 
, 149 ;effort in r.ulialion of heat, 382; 
m clothing, bow it affects ahsnrp 
lion of heat, 402,4181; in sunlight 
348; in walls and ceilings, effect oa 
lighting of risiins, 3118 
Combination of pulleys, 436*; of 
simple machines, 448 
Combustion, supported by oxygen, 
31 ; rapid oxidation, 52. See Burn¬ 
ing and 1 Ixiduliim 
Combustion, spontaneous, 32 
Comet, 3110* 

Communication, 483-300; speech 
and signals, 484 -487*; writing and 
and 
501- 

, n.r/ 

Community, improvement of, 592, 
See (its/) Hygiene 
Compass, points of, 463* 

Complex machines, 445 -49* 
Composition of the air, 45*; of the 
soil, 168-70*; of water, 126,129 
Compounds, 47; in the soil, 168 
Compounds and elements, 43 
Compressed air, 19*, 22 
Compression pump, 21 


printing, 487-481;; telegraph 
telephone, 489 498*; radio, 



Index 


v 


Compression stroke, in gas engines, 

5S9*i S® 1 , * 

Concrete construction, 3241 3 2 5 
Concrete slab, how to make, 322 _ 
Condensation, of water vapor, T44i ln 
steam heating systems, 392 . See 
also Rain, Snow, and Water vapor 
Condensers, in radio, 5 2 3 
Conductors, of electricity, 455 
Conductors, of heat, 380 , 382 ; good, 
medium and poor, 383 »clothing as, 
400,404 * 

Conglomerate, 170 , . . 

Connecting cords and their plugs, 
electric, 47 8 , . . 

Conservation of energy, law of, 291 

Constellations, 296 

Consumption, the disease, 95 i 99 
Control by radio, 534-35 , , 

Convection, 123 ; how heat travels by, 

CoSta? 3 food, 191 - 98 ; . different 
methods of, 196 ; economical use of 
gas, 386 

Copernicus, 293, 

Corpuscles, in blood, 70 ; one of the 
body’s defenses against disease, 97 
Cortex, of the brain. 59° 

Cotton, a plant fiber, 407 , 408 ’, 
different grades of, 408 ; why suit¬ 
able for clothing, 4 ° 6 
Coupled coil, radio, 521 * „ , , 

Crank and axle machine, study of, 
434 , 441 

Cross-pollination, 583 , 585 
Crystal detector receiver, in radio, 

• 517 . 5 i 8 *, 5 30 * 523 „ ... 

Crystals, in granite, 169 ; snow, 145 
Cugnot's steam carriage, 55*t56o 
Cumulus clouds, 12 , 145. 1 4° 
Cumulo-nimbus clouds, 1 *. J45. 
Cumulo-stratus clouds, 140 , ‘47 
Curie, Madame, 364 , 

Currents, electric, 462 - 79 ; , diret .."„ 
alternating, 476 ', m telegraphing 
and telephoning, 489-98 
Cuts, treatment of, 259 
Cyclonic storms, 158 , „ 

Cylinders, in automobile engine, 550, 

559* 

Dark nebula, 299 * 

Darwin, Charles, 177. 5°° 

Day and night, 304 
Decay, bacteria of, 125 . ‘77 


Deep breathing, value of, 76 
DeForest, Lee, 497 
Denitrated rayon, 413 
Density, 301 
Dentine, of teeth, 255 
Detector, in radio, 507, 522 
Detector, crystal, in radio, 517, 523 
Detectors, vacuum tube, radio, 524* 
Dew, what makes it, 141,144 
Dew point, the, 143 
Diaphragm, in human body, 75; 
action m breathing, 73*; in phono¬ 
graph, 38; of radio microphone, 
5101 in the telephone, 490*, 494* 
Diesel engine, the, 363 
Diet, effect on teeth, 255; record of, 
217 

Diffused light, 342, 347 
Digestion and absorption of food, 
251-56 

Digestive system, parts of, 252 
Diphtheria, toxin-antitoxin treat¬ 
ment for, 98 , . 

Direct current, of electricity, 476 


Direct lighting, 369 
Direction-finders, radio, 533 
Dirigible balloonB, 24 , 25 , 54‘ , 
5491 engines of, 564 * , , 

Disease, relation of air, 92 , 93 ; ef¬ 
fect of vitamins, 226 , 227 ; effect of 
sunlight, 367 ; seasonal prevalence 
of, 92 ; spread by flies, 130 , 209 ^, 
594 *; spread by mosquitoes, 595 ! 
spread by impure water, 130 ; con¬ 
trol of, 593-97, _ . . .. 

Disease-bearing bacteria, how they 
are spread, 100 
Dishwashing, 212 * 

Disinfection, 93 . 

Displacement, of water by floating 
objects, 543 „ 

Distillate oil, 378 
Distilled water, 132 , 

Distilling water, apparatus for, I 2 » ,. 
I2Q* , 

Disturbances, in radio sets, 5*9 
Dog Star, the, 298 
Downy woodpecker, 599 . 

Drier, for vegetables, 214 « 

Drinking water, sources of, H ?-* 2 
Driven wells, 120 
Dry cell, 456 , 459* 

Dry farming, 182 ■ 

Dry-pressed brick, 3*4 
Drying foods, 208 



Durability, of wood, 335 
Dusting and cleaning methods, 89 
Dyeing fabrics, 421 
Dynamic electricity, 452, 460-66 
Dynamo, fundamental principle of, 
564, 5&fij compareil with electric 
motor, 366. .See it!so Generator 


Ear, parts of, 34*; care of. 35 
Earth, as a member of the solar sys¬ 
tem, 2gg, 300* 

Earthworms, action on soil, 177 
Eccentric rod, in steam engines, 552 
Echo, reflected sound, 3ft 
Eclipses, 302-03 
Edison, Thomas A„ 3*, 363-65 
Efficiency, of a machine, 440 
Egg, fertilized, development of, 5B2 
Egg cells, 581 
Eggs, composition of, 231* 

Eggs and seeds, 579 
Egg-white, changes when cooked in 
water, 19c, 192* 

Electric appliances, in kitchen, 470- 
74 * 

Electric doorbell, 466, 467* 

Electric fan, 471* 

Electric heater, 475* 

Electric iron, 475 

Electric lightB, incandescent, 359*, 

362,363 

Electric meter, 359, 360*1 478 ' 
Electric ironing machine, 472* 
Electric range, 475, 476* 

Electric refrigerator, 472 - 74 * 

Electric vacuum cleaner, 469 
Electric washing machine, 471*. 472* 
Electrical devices in our homes, 466— 
79 * 

Electrical energy, 288*, 289, 290* 
Electrical resistance, 363 
Electricity, three ways of producing, 
452; study of, 452-82; dangers 
from, 318; as means of taking 
nitrogen out of the air, 280; water 
decomposed by, 126, 127*, 129; 
generated by water power, 567*, 
568*, 569*; atmospheric, t6o 
Electro-dynamic speaker, radio, 527 
Electrolyte, 127 

Electro-magnet, 466; in radio loud 
speakers, 527; in developing pow¬ 
er, 565 

Electrons, flow in vacuum tubes, 524 
Electrons and protons, 452 


Elements, table of, 46-47; most im- 
portant, 76; may combine with 
each other, 48; in foods, 223, 225, 
226; in fats, proteins, and sugars, 
275; found 111 meteors, 303; in 
plants and animals, 223; in the 
soil, 168 

Elements and rompounds, 45 
Elevator, power, 329 
Enamel, cil teeth, 253 
Energy, liberated by oxidation, 53; 
forms of, 288*, 289-90; furnished 
by sun, 274; furnished by food, 
218, 241, 242; some common 
sources of, 286 92; transformation 
of, 290, 291; work done by, 428 
Energy and matter, 285,452 
Engine, automobile, how it works, 
558, 559 *; Diesel, 563; steam, how 
_ it works, 549752* 

Environment, improving, 592, 599. 

See also Survey. 

Enzymes, 253 
Equal-arm balance, 437* 

Equatorial calms, 153 
Equinox, spring, 303; autumnal, 

Erosion, 172*, 173 , *75 1 57 ** 
Esophagus, 252 
Eustachian tube, 35 
Evaporation, 141, 142, 143; cooling 
effect of, 405; from leaves of 
plants, effect on passage of water 
through the plants, 272; of water 
from soil, 182 
Exhaust pump, 21 

Exhaust stroke, in gas engines, 559*,, 
562 

Expansion, effect on temperature of 
air or of any gas, 140; of water in 
freezing, 117, 124 

Expansion tank, in hot-water heat¬ 
ing systems, 390*, 391 
Eye, and its connections, 355-57*; 
care of, 356-57*1 369 

Fabrics, how they are dyed, 421 
Fading, in radio, 528 
Fahrenheit thermometer, 86 
Fan, ventilating, 471* 

Faraday, Michael, 462, 566 
Far-sightedness, 356* 

Fat, in foods, 221, 224; composition 
of, 232*, 235; value in diet, 249*; 
made in plants, 271 
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Faucet, water, how different types 
work, ill* 

Fehlings solution, how to make, 220 
Fertilization, in flowers, 582* 
Fertilizers, needed in gardens, 278 
Fibers, textile, 406-14* 

Field, Cyrus W., 492 
Field trips, to pumping station and 
waterworks, 112; to sewage farm, 
136; to the Weather Bureau, 157; 
to study formation of soil, 167; to 
a bakery, 214; inspection of food 
stores, 214; to canning factory, 
215; to dairy or milk station, 215; 
to industrial plants, 310, 481; to 
electric light plant, 372; to textile 
factory, m; to newspaper office, 
487; to telephone exchange, 491; to 
radio broadcasting studio, 309; to 
electric power station, 565; to 
observe cross-pollination and the 
struggle for existence, 583 
Filament, in electric light, 364; of 
flower, 577*; in vacuum tube, 524* 
Films, photographic, 351,352*; mov¬ 
ing pictures, 353*; talking pic¬ 
tures, 353* 

Filter, water, 132 
Filter beds, contact, 126 
Fire, building in a coal range, 365; 
care of a furnace, 378; rocks 
formed by, 169, See also Burning, 
Combustion, and Oxidation, 

Fire and air, relation between,’49-56 

Fire losses, 42, 57, 58 

Fire prevention, 58-59; in forests, 


572 

Fire-extinguisher, model of, 56*; use 
, demonstrated', 56; explanation of, 
57 - 58 * 

Fire-formed rocks, 169 
Fire-gun, 58 
Fireless cooker, 396* 

Fireplace as a heater, 381* 

Fireproof roofing materials, 333 
Fires, how to put out, 56-58* 

Fish, breathing organs of, 71*; food 
nutrients in, 230*, 235; destroy 
larvse of mosquitoes, 596; repro¬ 
duction of, 583 
Fixed condenser, radio, 520* 

Fixed pulley, 435*, 44 * „ . 

Flax, a plant-stalk fiber, 409*, 

Flies, carriers of typhoid bacilli, 130', 
309; destruction of, 591, 594 
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Floating of objects, reasons for, 541, 
543 . 544 * 

Floors, of a house, 321 
Flour, what it contains, 198 
Flower, parts of, 577*, 580-83*; uses 
of, 266 

Fluorescent screen, in radio, 507 
Foam-blanketing fire-extinguishers, 
_ 5 7-S8 

Focus, in camera, 351*; in human eye, 
35 ®*! of sun’s rays, 349 
Fog, or mist, 144 

Food, composition of, 229-36*; di¬ 
gestion of, 251-56*; how to pro¬ 
tect it against molds, harmful 
. bacteria and yeasts, 206; selection 
of, 241-51; sources and uses of, 
217-20; why. variety is necessary, 
245, 246 

Food constituents, 220-27 
Food habits, scoring, 243. See also 
Diet 


Food tube, parts of, 252* 

FoodB and now we use them, 190- 
282*; food for home and camp, 190- 
215; use and composition, 210-39; 
in the human body, 240-63; plants, 


264-82. 

Foot-candles, measure of light, 370 
Foot pounds, measure of work, 432 
Force, work done by, 429 
Force pump, 20* 

Foreign materials in the air, 89 
Fore-and-aft rigging, for sailing ves- 

sels, 554 

Forecasting, weather, 155-03 
Forests, conservation of, 292; how 
they safeguard water power, 571*; 
protection of, 57* i h re prevention 
in, 59 .198 

Foretelling a storm, 158* 

Fossils, 169-71; coal, 37 s 
Foundations, of a house, 320 
Four electrode vacuum tube, radio, 
521 

Fracto-Cumulus clouds, 147 
Franklin, Benjamin, 454 
Franklin stove, 388 
Freezing, effect on volume of water, 
ii7; m water pipes, danger of, 124 
Freezing point, 86, 125 
Frequency, in electric currents, 477. 

in radio, 502, 506; in radio, 512 
Friction, a cause, of resistance to 


work, 437,430 
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Friction matches, 54 
Fruit, of plant, development of, 578; 
composition of, 233*, 234; value m 
diet, 246, 247* 

Fuel value of foods, 218, 2ig*, 228, 
229 - 33 * 

Fuels, in heating of houses, 375-80 
Fulcrum, 433, 436-40* 

Fulton, Robert, 55 ° 

Furnace, how to keep an economical 
fire, 377, 37 »* i of. 388 . 389 * 

Furnace oil, 378, 394 
Furs, ns clothing, 412* 

Fuse, electric, 319,363,479*; in elec¬ 
tric ranges, 475 

Galaxy, the, or the Milky Way, 298 
Galileo, 15, 86, 293,448 
Galvani, discovery by, 458 
Galvanic electricity, 452, 455-60 
Galvanometer, 564 
Garden planning, 276*, 277-78 
Garden, school, 264* 

Gas, water as, 141 

Gas, illuminating, substances pro¬ 
duced when burning, 49; economi¬ 
cal cooking with, 386; dangers 
from, 3rg; as fuel, 380 
Gas engine, principle of, 557, 558*; 

operation of, 558, 559* 

Gas heaters, for houses, 393 
Gas lights, 358*, 361-C2 
Gas range, study of, 385, 386* 

Gases, in the air, 43, 45 
Gastric juice, 253 
Gears, in automobile, 563 
Generator, electric, 463*, 564-69* 
Geology, 169 
Germicides, 103 

Germinating seeds, rases used or 
given off by, 64, 65* 

Germs, 94. 3 'ee also Bacteria 
Giffard, Henri, 24 
Girl Scouts, 137,190, 483 
Glaciers, ancient ice sheets in North 
America, 174 
Gluten, in bread, 20a 
Gorge cut in shale, 172* 

Graf Zeppelin, German dirigible bal- 
loon, 25, 541*, 549 
Grain, of wood, 333 
Granite, 169*, 325 

Graphs, of composition of foods, 229- 
36*1 of diseases, 93; of weather, 
156* 


Gravitation, 308 09 
Gravity, law nf, 309; pendulum de¬ 
pends tin its attraction, 449 
Gravity, specific, 545 
Gravity cell, 458* 

Gravity system, of water supply, uj 
Grease, why removed by washing 
with snap, 414 

Great Bear, the constellation, 29G 
(irecii manuring, 176 
Green plants, starch made in, 273 
Grid condenser, ratlin, 520* 

Grid leak, radio, 520* 

Ground, radio, 520* 

Habits, formation of, 591 
Hail, t44, tot 

Hammond, John Hays, Jr., 535 
Hard coal, 171, 377 
Hard water, 127, 129, 419 
Hardwood, structure of, 331*; com¬ 
pared w ith softwood, 332, 334 
Harvey, William, 257 
Headlights, automobile, 348* 

Health, effect of air, 81-109; enemies 
of, 93, 94; importance of, 99; how 
regulated by food, 218; effect of 
sunlight, 367 

Health department, work of, 212 
Health habits, tot 
Heartbeat, rate of, 256 
Heat, clothing as conductors of, 400, 
404; clothing absorbs, 402; con¬ 
ductivity of wood, 3351 three ways 
of distributing, 381-83; a form of 
energy, 280; how measured in 
foods, 217; liow it travels, 380; ef¬ 
fect on water, 114, ns* 

Heat unit, in measuring fuel value of 
foods, 218 

Heat waves, 380 83, 388, 507 
Heat and wind, relation between, 149 
Heater, electric, 475* 

Heating our homes, 374 -97* 

I-Icating and ventilating, home system 
of, 386; school system of, 387 
Heliograph signaling, 487 
Helium, in the air, 45; created from 
radium, 56; used in balloons, 24, 
549 

Heredity, meaning of, 587 
Herschcl, Sir William, 297, 301 
Herts, pioneer in radio, 505 
Hertzian wavcB, 505 
Hibernating, of animals, 62, 65 
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Hieroglyphics, 488 
Highs and lows, 149-52, IS 4~55 - 
See also Storms 

Home conditions, survey of, 313—15; 
lighting arrangements in, 366; 
heating systems, 388-94; improve¬ 
ment of conditions, 592 
Horse latitudes, 153 
Horse power, 564, 568 
Hot-air furnace, 388, 389* 

Hot water, house Bupply, 11S: study 
of tank, 115-16*, 123", 124* 
Hot-water heaters, 122, 123*, 124* 
Hot-water house heating systems, 

389,390* . , _ , 

House, construction of, 320-21; study 
of plans, 316-17 

Humidity, of air, measurement of, 
83-84; a factor controlling ventila¬ 
tion, 88, 144 

Humus, in soil, 168, 176,181 
Huygens, Christian, 505 
Hydro-electric power plant, 569 
Hydrogen, in candle, 360; in food, 
223; in illuminating gas, 361; in 
kerosene, 361; in water, 129; used 
in balloons, 23, 24 
Hydrometer, testing battery with, 
457 . 458 *, 460 
Hydroplanes, 29 
Hygiene, defined, 68 
Hygiene, community, 103-07 
also Disease, and Health 

Ice, action on soil, 174 *-, See 
Freezing point, and Refrigeration 
Igneous rocks, 169 , 

Illness, what a community can do to 
avoid, 106-07 

Illuminating gas, 361; burners, 302 
Illumination, area of, 3^5 . law as to 
intensity of light, 3 ^ 9 ! amount 
from lights, 370 

Image, reflected, 34 *! comparison 
with objects, 34 6 . how formed by 
lens of camera, 35*1 011 retina 01 

ey e ( 356* 

Incandescent electric bulb, 3 $ 9 * 3^3 
Inclination, of the earth's axiB, 304 
Inclined planes, 442-45 
Indestructibility of matter, 55 
Indigestion, 254 
Indirect lighting, 3&9 
Indoor humidity, 88 
Inductance, radio, 521*! ® iWWi 5 2 3 


Inertia, a cause of resistance to work, 
427. 431 i pendulum depends on. 
449 

Inoculation, 593, 594 
Insects, man's fight against, 597; as 
part of the food of birdB, 598-99 
Insulators, of electricity, 455 
Intensity of light, law of, in regard to 
amount of illumination, 369 
Interference, in radio, 295, 516, 529 
Internal-combustion engines, 558, 
559 * 

International Morse Code, 484-87*, 
, + 92 . 

Intestines, the, 252, 253 


See 


Iron, value in foodB, 225; proportion 
in common foods, 234*; electric, 
475 

Iron Bhips, floating of, 545 
Ironing machines, electric, 472* 
Irrigation, 183,184*, 185*, 186* 

Jacketed stove, 388* 

Jenner, practice of vaccination, 593 
Jupiter, the planet, 300* 

Jute, 409 

Kerosene lamp, light from, 357, 361 
Key, telegraph, 489*, 491 
Kilocycles, in radio, 512 
Kilowatt hours, 360*, 479 
Kindling point, of coal, 377 
Kinetic energy, 287,288 . ' 

Kitchen, cleanliness in, 211; electric 
devices in, 470* 

Krypton, in tne air, 45 

Lakes and rivers, as source of water 
supply, 121; as waterways for 
Commerce, 556 
Lamp, kerosene, 357 . 3 61 
Land, transportation by, 54 ° ■ 54 *. 
542 .' 552 , 556-57 

Langley, S.r., 25 

Larynx, 485 . See also Adams 
apple 

Latitude, 308 
Lava, from volcanoes, 109 
Lavoisier, Antoine Laurent, 40 
Lazear, Dr. Jesse, 595 
Leather, as clothing, 414 
Leaves, of plants, uses of, 266, 270, 
how fitted to get carbon dioxide 
for starch-making, 268; make all 
the organic nutrients, 275 
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Legumes, 278,279* 

Lens, defined, 350; in camera, 351*! 
of the eye, 355 . 35 ^- 57 *; glasses 
to correct eyesight, 356’ 

Leverrier, 301 

Levers, 432-42*! first type, 437 . 438 *: 
second type, 438, 439*! third type, 

Lift™, 18*, 20 
Light, a form of energy, 289; study 
of, 340-71; relation between 
amount and distance from source, 
365 

Light waves, 341, 345 , ,W> &c also 
Focus 

Lighting our homes, 365-71 
Lightning, 160, 455 
Lights, electric, arrangement of, 369 
Lignite, 376 
Limestone, 170, 326 
Lindbergh, Charles A., 26, 27* 
Linen, advantages aB clothing, 409 
Linen fiber, 409* 

Liners, ocean steamships, 555 
Lines of force, about a magnet, 46:, 
463; about an electric wire, 466 
Linotype machine, 4«g 
Liquid, water as, 141 
Liquid air, 10* 

Little Bear, the constellation, 296 
Little Dipper, the constellation, 290* 
Loam, 181 

Locating points on the earth's sur¬ 
face, 306 

Locomotives, electric, 565, 566* 
Locomotives, steam, 551*, 552-53* 
Lodcstone, 463 

Long-distance telephony, 495-98* 
Long waves, in radio, 531 
Longitude, 308 

Los Angeles, city water supply, tao*, 
131 * 

I Lob Angeles, dirigible balloon, 25*; 
engines of, 564 
LoucTspeakers, radio, 526-27 
Lungs, how air passes through, 75 
Lymph, 259 

Machines, work with, 425-51*; how 
work is done, 427-32*; levers, 432- 
42*; inclined planes, 442-45*; 
complex machines, 445-49* 
MacMillan, Donald B„ 501 
Magnet, temporary and permanent, 
461,464 


Magnetic effects of electric current, 
462 

Magnetic electricity, 460-66 
Magnetism, connection with elec¬ 
tricity, 462 

Magnitude, of stars, 297 
Mail planes, 54R 

Malaria, spread by mosquitoes 
596 

Man, why superior to other animals 

589 

Mantle, how it increases amount of 
light from a gas flame, 358, 362* 
Manure, as fertilizer, 177 
Marble, 171, 327 

Marconi, pioneer in wireless teleg¬ 
raphy, 505 

Mare, the planet, 300* 

Matches, 53 

Mailer, thrre forma of, 9; inde¬ 
structibility of, 55 
Matter and energy, 285; proton- 
electron theory of, 452 
Maxwell, pioneer in radio, 505 
Meadowlarks, sy8 
Meals, balanced, planning, 242,246 
Meat, effect of cooking in water, 192, 
195; cuts of, tqfi; dangers in, 2Uj 
com|K}»ition of, 235; value in diet, 
247*; composition of, 230* 
Medulla, of brain, 590 
Mercurial barometer, 16 
Mercury, in barometers, 14-17; in 
ilimrimuelcrs, 87 
Mercury, the planet, 31m* 
Meridians, 307 

Messages, sending by radio, 507-09*; 
by signal, 4»<>: l.v telephone, 490*, 
49.V98*; by telegraph, 489*, 491- 
921 possible f ut urc ways of sending, 
5.37 

Metamarphie roeks, 169,171 
Meteors, 30304 

Meter, electric, how to read, 359, 
360*1 Kus, how to read, 358* 
Microphone, in telephone, 490; in 
radio, 510 

Microscope, use of, (if, 69*, 70*, 
74 *. 91 , 94 *. 9 &\ 97 *. WO*, 203, 
209*1 578 

Milk, composition of, 234; value m 
diet, 247*, 250 
Milk, pure, too, 20Q > 

Milk, raw, pasteurized and boiled, 
comparison of, 206 



Milk, eggs, and cheese, composition Neutralization, how to remove stains 
of, 231* by, 417, 421 


Milky Way, the, 298 
Milt, of fish, 583 
Mineral content of different foods, 
222, 225, 228, 234-35* 

Mineral salts, absorbed from soil by 
plants, 270 

Mirrors, reflection from, 346 
•Mist, or fog, 144 
Modified lever, 441* 

Modulation, in radio, 503, 508* 
Moisture, in the soil, i78-86;inwpod, 
334. Sec also Humidity, and 
Water 

Mold, growth of, on bread, 202; 
action on food, 204*; how to avoid, 
204 

Molds, yeasts, and bacteria, com¬ 
parison of, 203 

Monoplane, essential parts of, 28 
Montgolfier Brothers, 23 
Moon, phases of, 302*; chief cause 
of tides, 309 

Moons, of the planets, 302*, 303 
Morse, Samuel F. B„ 49: 

Morse code, signaling with, 484-87 
Mosquitoes, destroying, 591, 595 
Moths, clothes, 422 
Motion, energy of, 287! a result of 
work, 429 . , , . 

Motor, electric, 4 ^ 7 , 468*; devices 
dependent upon, 469-76 ; com¬ 
pared with dynamo, 56° 

Mouth, digestion in, 253 
Movable pulley, 435 » 44 * 

Moving pictures, 352, 353 
Mucous membrane, 97 
Mulch, surface, .prevents too much 
evaporation of moisture from soil, 
182 

Music, 35-37 


New York City water supply, 117, 
121 

Newcomen, inventor of steam en¬ 
gine, 551 

Newspaper, making of, 487-89 
Newton, Sir Isaac, 87, 308-09 
Nichrome, 475 
Nimbus clouds, 145, 146* 

Nitrates, in fertilizers, 278 
Nitrogen, in air, 11, 43, 45: .in air 
that we breathe in, 66; in air that 
we breathe out, 65 ; obtaining, 44*; 
in food, 223; taken out of air by 
electricity, 280 

Nitrogen-fixing bacteria, 278,279* 
Nodules, on roots of a bean plant, 279 
Non-conductors, of electricity, 455 
North Pole, reached by airplane, 26 
North Star, the, 296* 

Nucleus, of cell, 69 
Nutrient value of different foods, 228 
Nutrients, in foods, kinds of, 222- 
23; of plants, 270, 273-75 


Oersted, Hams Christian, 462, 466 
Office buildings, 328 
Oil, fuel, 378 


Oil field, 379 ’ 

, now to 


extinguish, 57 


Oil fires. 

Oil gas, 380 
Oil-burning heaters, 393*.394 * 

One-celled plants and animals, 74 
One-Hundred-Calorie portions, t» 
ble of, 241-42 , . 

Open hearth process, in making 
structural steel, 328 
Optic nerve, the, 355 
Orbits, of the planets, 300-01* 
Organisms, 73, 74*, 9°~ I0 3 , 

Organs, in human body. 7 °: breatn- 
ing, 72*. 74 . 75*1 circ ulat ion of the 


Natural gas, 380, 393 
Natural selection, in development 
of plants and animals, 589 
NC-4, seaplane, 26 
Near-sightedness, 35 ^ 

Nebula, 299* * 

Negative, photographic, 35 1 . 35 s 
Negative and positive charges ot 
electricity, 454 
Neon, in air, 11, 45 
Neptune, the planet, 300 
Nerves, of human body, 59 ° 


blood, 257-59*'. digestive, 252- 

Organs, of plants, 75 *. 265 - 75 *. 577 - 

Origin of fife, plant and animal, 57 6" 
602* 

Oriole, the, 599 - 

Orion, the constellation, 29 ® 
Osmosis, 271 

Otis, E. G., 329 „ - 

Ovary, of plant, 577 . 58°..58 2 
Overshot water wheel, 570 
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Oxidation, St“S.i: in the ceK» of the*! 
body, ?6; ol food in our tmdirs, 

219, SJ 5 , ... I 

Oxides, produced by burning, 5t 
Oxy-acetylenc torch, n* * 

Oxygen, tn air, l M.V 45 . S»: anvnmt j 
in air decreased t,y burning. Jit; in < 
air that wc breathe in, « r, in air , 
that we breathe out, lih; obtain- j 
ing, 43*; carried by blood cor¬ 
puscles, 70; in contact witlt proto¬ 
plasm, 76; in food, 223; now it 
enters leaf of a plant, 275; waste 
product of plants, 374; used by 
germinating seeds, 64; in water, 
tap 

Packets, square-rigged sailing ships, 
553 

Panama Canal, 556 
Pancreatic juice, 353 
Parallel, electric cells connected m, 
457 *. 459 

Parallels, geographical lines drawn 
on maps, 307 
Paramecium, 73 

Parts and symbols, radio, 530-21*, 
53 t* 

Pascal, Blaise, 16 
Paateur, Louis, 2to*, 579 
Pasteurization of milk, 305 
Peat, 376 
Pelton wheels, 570 
Pendulum, 447; law of, 449 
Permalloy, 493 
Permanent magnets, 464 
Perminvars, 496 
Perspiration, 77, 404 
Petals, of flowers, 577* 580 
Petroleum, 379. Sec nlw Oil 
Phone jacks, radio, 521* 

Phones, radio, Ml* 

Phonograph, principle of. 3a; part*, 
37 *i 38 

Phosphorus, in matches, 54: value 
in foods, 335; proportion in com¬ 
mon foods, 334* 

Photo-electric cell, 354, 535* 
Photography, 350*, 351-34*; mov. 
ing pictures, 353-53*; talking 
pictures 353-54* 

Photosynthesis, 274 
Physical states, water changes in, 141 
Physical and chemical changes, 48 
Physiology, defined, 68 


- vv r? 3 ‘: talking, 

353 55 . photographic 
tMm.iii.Urd by radio, 537 55 1 

I’inliiilr camera, 350* 

Piping system, water, in liouses in 
lib, 132 ’ 

PiUd. nl flowers, 577*, jHo, 58a* 
Pilch, of musical tune, 35 
Planets, the, 299, 3 ih>* 

Plants, breathing of. 55*, 66, 71, 

J rwm . 143: study 
nl, aid Hn; limrl-making active 
**•.*<*■ 75s howto grow them, 
a?.V J»i: use* ol each part, 265,270' 
energy in. 2H7; pollination in, 582' 
3*4; nml of water, ifio; how they 
Brt thrir fond, 3t*»; seeds spread 
by bud*, 597; act inn on soil, 176; 
etosxui follows destruction of, 171 
Plasma, in hhictd, 70 ' 

Plaster, on house walls, 321; howto 
make, 333 
Plruwrnmm, 74 
Plumb line, 3311 

Pointers, in the Big Dipper, 296* 
Pole*, electric, 458; magnetic, 461, 


Pollen, id flowers, 581* 

Pollen tulir*. growing. 578 
Pollination, in development of seeds, 
552 . 5*4 

Positive, photographic, 351,352* 
Positive and negative charges of 
elo ltii tty, 444 
Potential energy, 2*8*. 3S9 • 
Potentiometer, radio, 533 
Pow er, r)r«f tie. •lisuibntiiin of, 477*, 
47H*: study of, 5(15 711* 

Power stations, rlrtlrtc, 565, 567*; 

water js.wrr, ,VtH* 

Power stroke, in ga« engines, 559*, 
5 »d 

Preservatives, of food, 207 
Pressure, air, dt-nmnstraimn of, 13*; 
relation to wind, 149; why air 
jgpwwte varies, 151. Set also Air 
{(reunite 

Pressure, water, 118 
Pressure cooker, 144* 

Preventive imnlicine, 593 
Prime meridian, 307 
Printing ((holographs, 350 
Printing pre**, 48K 
Prism, refraction of light by, 343, 
34 «* 
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Producer gas, 380 . , Rapid oxidation, 52 

Protection of talking motion pic- Rayon, artificial silk, 412* 
fnrpa 1st* Receiver, radio, principle on which 

Protein, in foods, 221,224,234*, 247; it works, 504*; study of, 512, 515*. 
made in plants, 271; elements in, 517, 518 

Receiver, telephone, 490*, 493 

Protons and electrons, 452 Reception, radio, why it is not al- 

Protoplasm, 69, 76 _ w fV a P erfeot ' 5*7 rRe 

s^ssrs^'" 5 
4**•»”* «*'■ sssssssy*. 

Pidmotor 70 Reflection of light, 341, 342, 344-47 

Poise 2S6 Reflection of sound, 33, 36 

lS w.. ». 347 *. ^ 

^ A*s u * *“ ussassfii?* 

SS i JSty for, ..0, m, of, 575 ; of 

ru,fe™..r,„ 8 *,, 3 o , 

riiinrrv marble 126* Resistance, to work, 427. 429, in 

SSS'JSSfw work with levers, 436-4** 

Kattl 3 Resistance, electrical, 363 

Quartzite, 171 Respiration, artificial, 73. See also 

Radiation, of float, 380,38a; in radio, _ 

Rwl&tor, tfcftm. 392* 'iiS'" 1,J04 ' 305 1 

Radio, aids to aviation, a, 547 , _ planetB, y>5_o ,- 

, i_ T • inat-/\rv 


Rocket, Stephenson’s locomotive, 
A ** * Building 

°9*i broadcasting, 508-12^; how » . 


S2o : , 521*. 522-27’, 53 *-. 532 , “^^s, 27.1 artificial, 

^ TO'SSS'ffip 513, R^t*pressure, in plants, 272 

Radioactivity, 56 Rose-breasted grosbeak, 598 , 

Radium, 5 ^» 3^4 , 11 'Rotation. of crops, 279 S ^ the earthj 

Railroad transportation, develop- 

ment of, 553 . Pnnrtaeei in foods, 224 ,254 

Railways, electric, 5^5 , R J ^nd transportation, 55 ®! 

Rain, what makes it,140^^. ^^Sportation, 555 * 

W: ? s “ ng fas 83^’ Rumford, Count, 370 

tton in amount, 102,103 , 

Rainbow, 348 RuSt ’ 53 , 

III; 386* 5 electriCi 475> &ffit n So^; 318-20 
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Sailing vessels, 541*, 553 
Sal-ammoniac cell, 459 
Saliva, action on starch, 251, 253 
Sandstone, 170, 326 
Sanitary survey of school, 103-051 of 
home, 105-06 

Santos-Dumont, pioneer in aviation, 
*4 ■ 

Saturation, 142 

Saturn, the planet, 300*, 301 

Savannah, first ocean steamship, 

School, improvement of conditions, 

103. 592 

Scientific attitude, the, 1-6, 7, 42, 
62,81, HO, 137, 166, 190,216, 240, 
264, 283-93, 312, 340, 374, 389, 
425,452,483, 501, 540, 576; exam¬ 
ples of, Edison, 3, 363-65; Galileo, 
15, 86, 296, 448; Flarvev, 257; 
Lavoisier, 46; Lindbergh, 27; 
Newton, 87, 308; Pasteur, 210, 
579. See also names of various 
scientists 


Screw, study of, 443, 445* 

Seasons, 304*, 305; effect on dis¬ 
eases, 92, 100; temperatures of, 
401 * 

Sedimentary rocks, 169,170 
Seed tester, making and using, 2517 
Seeds, oxygen used in germination, 
64; steps In development, 582 
Seeds, and eggs, 579 
Selection, meaning of, 588 
Selectivity, in radio sets, 522 
Self-pollination, in plants, 585 
Semaphore signaling, 487 
Semi-direct lighting, 369 
Sepals, of flowers, 577*, 580, 582* 
Septic tank, T26 

Series, cells connected in, 457*, 459 
Sewage disposal, 125 
Sewing machine, study of, 445,446*, 
447 * 

Shadow, radio, 528 
Shale, 1701 bricks made of, 323 
Ships, sailing, 553 
Shooting starB, 303 
Short waves, in radio, 530 
Shrinkage, how materials vary, 414 
Sickness, care of, 102 
Signals, 484-87 

Silk, why suitable for clothing, 407, 
410-T2*; manufacture of, 410 
Silkworm, the, 411 


Silver salts, chemical action of light 
in photography, 351 
Simple machines, 432-45*; ] ever8 
433 - 34 . 436-40*1 crank and axle! 
434 ', 4411 pulleys, 435, 441-43*. 
inclined planes, 442-45*; com- 
bmations of, 448* 

Siphon, air pressure and action of 
18,21,22* 1 

Sirius, the Dog Star, 298 
Skin, 405* 

Slate, 171 
Slow oxidation, 52 
Smallpox, vaccination against, 593 
Snow, 144; crystals, 145*; reports of 
snowfall, 162 

Soap, as a cleanser, 413,419; making 
of, 419* 

Soda-acid fire-extinguisher, 58* 

Soft-clay bricks, 323 

Soft coal, 377 

Soft water, 127,129, 419 

Soft wood, compared with hard wood, 

„ 3 , 32 , 334 ; structure of, 335* 

Sou, how it is made, 167-77; what it 
contains, 168; value of water in, 
166; differences in ability to hold 
water, 178-82 
Soil bacteria, 126,185 
Soil pipe, 125 
Solar spectrum, 343, 34B* 

Solar system, ami the universe, 293- 
304* 

Solid, water as, 141 
.Solstice, summer. 304 
Solution, haw to remove stains by, 
414-16, 420 
Solvent, water ns, 133 
Sound, transmission of, 31-38; air 
necessary for, 31; projection in 
talking motion'pictures, 355* 
Sounding box, 31, 37*. 38* 

South Pole, reached by airplane, 27 
Southern Cross, airplane, 27 
Space, waves in, detection of, 507 
Spark plug, in gas engines, £59,561 
Speaker, electro-dynamic, in radio, 
5*7 

Species, origin of, 586 
Specific gravity, 542, 545 . 
Spectrum, solar, 343, 348* 

Speech, organs of, 484, 485, 486*; 
how transmitted through tele- 
phone, 494* 495 * , 

Speed, at which sound travels, 33, 
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507; of light, 296; of radio mes¬ 
sages, 501 

Sperm nucleus, in fertilized egg of 
plant, 582 
Spermatozoa, 583 
Spineless cactus, 588 
Spiral nebula, 299* 

Spirit of St. Louis, Col. Lindbergh s 
airplane, 26 

Spoiling of foods, reasons for, 201-05; 

how to prevent, 205-13 
Spontaneous combustion, 50, 52 
Spores, 203, 20 4 *i 579 
Spraying, mosquitoes destroyed by 

Spring^alance, 437* _ , 

Springs, as source of drinking water, 
119 ... 

Stains, how to remove by absorption, 
416; by bleaching, 416, 420; by 
neutralization, 417, 421; by solu¬ 
tion, 414-16, 420 
Stamens, of flowers, 577 -j 5 Bl 
Standard meridian, 307 
Standard time, 306* 

Starch, action of saliva, 251; changed 
into grape sugar in digestive proc¬ 
ess, 253; as a typical food product, 
273; testing foods for, 220; made 
only in green plants, 273; where 
made in a plant, 266*; in vege¬ 
table products, 223 , 

Starch cells, changes in cooking, 196 
Starchy foods, how water helps in 
cooking, 193, 195 
Stars, types of, 297 
Static, in radio, 528 
Static electricity, 452-55 
Steam, water changes to, 14 2 1 con ' 
densation to water in heating sys¬ 
tems, 392* 

Steam engines, 549 - 55 . compared 
with gas engine, 558 ... 

Steam heating system, study of, 3 S 7 . 

391*, 392* 

Steamships, early, 553 
Steamship tracks, or routes, 555 
Steel, structural, 327-29* 

Stems, of plants, uses of, 266, 270 
Stephenson's locomotive, the Rocket, 
552 

Sterilizing dishes and clothing, 103 
Sterilizing foods, 208 
Stiff-clay brick, 324 
Stigma, of flowers, 57 / > 58 * 1 582 


Stimulants, tea and coffee as, 250 
Stoma, of plant, 74 
Stomach, digestion in, 253 
Stomata, contained in leaves of 
plants. 271 

Storage battery, 458, 459,460* 

Storage cell, electric, 457 
Storm, tracing the course of, 156, 
159 *. 160* 

Stove, as a heater, 387, 388*; cook¬ 
ing ranges, 3 » 3 . 384*. 385, 386*, 

„ 475 

Stratus cloudB, 146*, 147 
Streams, mountain, as source of 
water supply, 120 

Stress, condition caused by balanced 
forces, 429 

Structural steel, 327-29* 

Struggle for existence, 583-91 
Stucco, finish for walls of houses, 325 
Studio, radio broadcasting, 508-11* 
Style, part of flower, 577*, 582* 
Submarines, 545, 546 
Suction stroke, in gas engines, 559*, 
56i 

Sugar, testing foods for, 220; use m 
foods, 224 

Sugar and sweets, value in diet, 249* 
Sun, the original source of all energy, 
292; source of all light, 343; 
furnishes power by which plants 
manufacture starch, 274 
Sunlight, colors in, 343, 348 *j effect 
on bacteria, 91; effect on health, 

o 367 

Sun-spots, 295* 

Surface layer of soil, 179 
Surface mulch, to prevent evapora¬ 
tion of water from soil,. 182 

Survey, sanitary, of school, 103; of 
home, 105, 313; of home lighting, 
366 

Survival of the fittest, 586 
Sweets, food nutrients in, 233*, 235; 

as fuel for body, 249 
Switchboard, telephone, 498* 
Symbols, of elements, 46 
Symbols and parts, radio, 520-21 

Talking motion pictures, 353 “ 55 * 
Tea and coffee, 250 
Teeth, study of, 251*; tare of, 254- 

Te'legraph, 489 *. 49* 

Telephone, 490*, 493 
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Telephoning, by radio, 53 S 
Telephotography, 536 
Telescope, invention of, 293 
Television, 537 

Temperature, relation with luiriim^, 
50; different effects of, 87*; of air 
or of any gas, effect of expansion 
on, 140; of air, a fuctor controlling 
ventilation, 85; effect on humidity 
of air, 88-, how change affects vol¬ 
ume of air, 148; ill summer and in 
winter, 401*; best far houses, 381; 
of room, how measured, 82; of 
human body, 63, 404; in pasteur¬ 
izing milk, 210; of waste, rise 
hastens oxidation, 52; of water, 123, 
124; a factor in process of evapor¬ 
ation, 142 

Temporary magnets, 464 
Textile fibers, 406-14* 

Thermometer, wet- and dry-bulb, 

83-84* 

Thermometer scales, Fahrenheit and 
Centigrade, 86* 

Thermostat, 124 
Third-rail electric railways, 565 
Three electrode vacuum tube, radio, 
521*, 524* 

Thunderstorms, 160 
Tides, 309 

Time belts, in the United Stales, 
306-07* 

Time and space, 304-09; years, 304; 
seasons, 304; day ami night, 305; 
time and time bells, 3116*; local irig 
points on the earth's surface, 307; 
gravitation, 308-09 
Tires, bicycle and automobile, com¬ 
pressed air in, 22 
Tissues, in human body, 70 
Toaster, electric, 46H, 475 
Tobacco, effects of, 101, 260-61 
Tooth, structure of, 255* 

Torricelli, Italian scientist, 15 
Tourniquet, 260 
Toxin, 98 

Toxin-antitoxin treatment for diph¬ 
theria, 98 
Trachea, 74 
Trade winds, 153 
Tramp steamships, 555 
Transatlantic telephony, 495-98* 
Transformation of energy, 290* 
Transformers, of electric current, 
477 *. 478 * 


Transmission, of light. 344; of power 
in automobile, 562*; of sound 
front fiiriitj Uroiidcnatitii? 
station, 508-11*. See also Elec¬ 
tricity. and Power 
Transmitter, radio, 512, 513*. tele- 
graph, 489*. 4vt; telephone, 490* 
^ 494 . . 

Transpiration, process by which 
water passes out of leaves of 
plants, 143, 144 

Transimrtatmn, 540-72*; air, water, 
and land, 541-49*; steam engines' 
549 55 ; gas engines, 557-64*; 
electric iKiwcr. 565-72* 

Trap, water, 125 

Tree, wlu-re growth takes place, 330 
Trolley cars, 565 
Tuhcrcle bacillus, 95 
Tuberculosis, 99, too 
Tuning, in radio, 503, 513-15, 522 
Tunnels, ns means of saving distance, 
557 

Turbine, steam, 554*; water, 567*, 
568*. 57 f 

Typhoid fever, 130 32*; spread by 
drinking water, 130; spread by 
Hit's, 595: inoculation against, 594 
Typhoons, 289 


Ultra-violet waves, 343,367 
Undershot water wheel, 570* 
Universe, the, 293 304; the mm and 
other stars, 204; rniisiollalmns, 
296; the North Star, and the Dig 
1 tipper, 296; the I.iitlc Dipper, 
29'>; types of stars, 2971a few slam 
to learn, 298; nolmko, 299; tlte solar 
system, 299; planets, 299-302; 
moons, 302; meteors, 303 04 
Uranus, the planet, 300*, 301 
Urea, as waste matter of human 
lxiily, 77 

Vaccination, 593 
Vacuum bottle, 396* 

Vacuum cleaner, 89, 469 
Vacuum tube, used in telephone re¬ 
peater, 49(1*; used in radio, 518, 
5t9*. 531*. 534*. 525-37 
Vapor, water changes to, 141. Su 
also Water vapor 
Variable condenser, 520* 

Variable resistance, radio, 521* 
Variably coupled coils, radio, 521* 
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Variation, meaning of, 587 
Variety in food, why necessary, 

Variometer, radio, 521* 

Vega, the star, 298 _ , V 

Vegetables, composition of, 229’, V 
234.; value in diet, 246, 247* v 
Vegetable fibers, in clothing, 407, 

Vegetable garden, home, 276*, \ 
277-78 ' 

Vegetation, 173 , 264-82. 571 - 72 , 

, 577-89 ] 

Veins, 259 

Ventilating fan, 471* 

Ventilation, 82-90; factors which 
control, 84-89 

Ventilating and heating, school sys¬ 
tem of, 387 

Venus, the planet, 300* 

Vertebra:, of the body, 590 
Vise, 445* ... 

Vitamins, value of, 227; best sources 
of, 236*; made in plants, 271 
Vocal cords, 32, 486* 

Volta, Alessandro, 458 

Voltage, 477, . .. „„ 

Voltage dividcr^jnjradio, 5 a 3 

Wall paper, effect on color in reflec¬ 
tion of light,,36B A ,% , 

Walls, of a MUs8, 320 

Washing machines, electric, 471 , 

Waste matter, of human body, 76, 
77; of plants, 269* 

Waste pipes, of houses, 125 
Water, elements in, 46. 47 . 129; de¬ 
composed by electricity, 126,127 ; 
how affected by heating, 114-15 i 
changes form, 141; as a cleanser, 
419; in cooking, 191-951 erosion by, 
172*, 173*: in foods, 222, 225; in 
heating systems, 39 °- 9 2 i how a 
leaf of a plant gets water for 
starch-making, 267; absorbed from 
soil by plants, 270, 271; how it 
passes through the plant, 2724 why 
it rises in a pump, 18*; action in 
soil, I 7 i, 17.3 1178-87 
Water, pure, importance of, 130 
Water, transportation by, 541, 542 , 

Water, S umso^ no- 3 6 ' , 'l water sup¬ 
ply of our homes, 112-26; pure and 


impure water, 126-33, in the soil, 
166—89* 

Water conservation, 183 
Water cycle, the, 147,148* 

Water gas, 380 
Water level, in pipes, 113* 

Water power, energy from, 290; 
electricity generated by, 567*, 568*, 
569; safeguarded by forests, 571 
Water pressure, 118 
Water supply, pure, importance of, 
no, 117 

Water system, city, 119* , 

Water table, the, 181 
Water vapor, in the air, 45,142 j in air 
that we breathe in, 66; in air that 
we breathe out, 64, 66; how it gets 
into the air, 139, 140*, 143; has¬ 
tens process of slow oxidation, 53; 
effect of temperature, 88 
Water wheels, kinds of, 570* 
Waterproof materials, 403 
, Watt, James, 552 _ 

Wave-length, m radio, 502, 506* 
Waves, in space, different kinds and 
how they are detected, 5 <> 7 ; 
sound, 33 .... 

Weakening of signals, in radio, 527 
Weather, relation to air pressure, 15; 
barometer used to forecast, 17 ; 
clothing in relation to, 40(4-06 ; 
value of study, 137; keeping a 
, record, 138 , „ 

Weather, study of, 137-65 , water 
i, in the air, 139-4 8 ; wln ™’ I 4 " 755 i 
Btorms and weather forecasting, 

Weather 3 bureau, the, 157,161-63 
Weather chart, 14* , 

Weather conditions, Btudy of, 149 
t, Weather map, 154 *. ?55 ■ 

, Weathering, and erosion, iji- 77 , 571 , 

ii Wedge, study of, 443 , 444 
a Weighing an article. 433 . - 

,, Wpicrbt. a cause for resistance to 


Weight, a cause ^"resistance to 

wX^as^source of drinking w^er, 
120, 122*; water may be unsafe, 
I3I* 

Westerly winds, belts of, 153 
Wet- and dry-bulb thermometer, 83- 
84 * 

WWt^coipuBcles, of the bl°od, 97 *jj 

Wind, 8 fftVtgr m proc«s of eva^ 
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ration of water, inaction on soil, 
175* j relation with heat, 149, tsi; 
with air pressure, 149.151; study 
of, 148-63; why does it chill, 402; 
pollen carried by, 585 
Wind-belts of the world, 15a. >53 
WireB, radio, 520* 

Wood, structure studied, 33 > ! 
building material, 330-3(1; how it 
is cut for use as building material, 
331; as fuel, 376; substances pro¬ 
duced when burning, 49 
Wool, why suitable for clothing, 406, 
400,410 
Woof fiber, 410* 

Work, how it is done, 427-32*; how 
measured, 431 

World flight, first by airplanes, 26 
Worm drive, of motor truck, 561*, 
S63* 


Wounds, treatment of, 259 
Wright Brothers, 26 
Writing, development of, 483 

X-rays, 344*, 507 
Xenon, in the air, 45 

Years, planetary, 304 
Yeast, tcmjieiature most favorable 
for growth of, 199; why yeast 
causes bread to rise, 199; action on 
fond, 199-200*; produces alcohol 
in fornix, 20t; as a foe, 203 
Yeasts, bacteria, and molds, com¬ 
parison of, 203 
Yellow-billed cuckoo, 599 
Yellow fever, spread by mosquitoes 
595 

Zeppelin, Count, U 




